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PREFACE. 

The  object  in  issuing  the  BulLuin  is  lo  secure  a  quick  pubiica- 
taon  of  short  notes  and  preliniinary  rijporto  on  eeismologjcal 
subjects,  more  ospoeially  sucli  contrilnitions  a-*  may  ho  of  u.se  in 
connection  with  the  works  of  the  International  Seismological 
Ass^ociation,  The  Ptiblieations^  which  contain  more  lengthy  papers, 
will  be  issued  from  time  to  time,  as  heretofore. 

Jan.  1907. 

B.  Mavo,  PresidetU. 

F.  Omobi,  Gmaral  SearOanj. 

Imperial  Eai  timuukc  luvctitigatiou  Cuiumittuo, 
Tokyo,  Japan. 
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On  the  Estimation  of  the  Time  of  Occorrence  at  the  Origin 

of  a  Dii^tant  Earthquake  from  the  Duration  of  the 
ist  Preliminary  Tremor  observed  at  any  place. 

By 

F.  Omori,  Sc.D., 

Member  of  the  Imperial  Eartiiqnake  Iiivestigatiou  Coiuiuittco. 

The  approxinmte  time  of  occunvnce  (='o)  at  tlie  origiu  of  a 
di.stant  earthquake  can  be  calculated  from  the  duration  of  the  1st 
preliminary  tremor  (=yt)  of  the  latter  observed  at  any  place. 
Thus,  let  T  denote  the  time  interval  taken  by  the  initial  vibra- 
tions of  the  earthquake  motion  in  travelling  the  arcual  distance 
(=x),  between  the  origin  and  the  given  station;  and  let  and  % 
denote  the  velocities  of  propagation  corresponding  to  the  1st  and 
2nd  preliminary  tremors.    Tlien       have: — 

Putthig  proper  values  for  r,  and  namely,  r,  =  13.7  and  1*2= 7.2 
km.  per  sec.*,  we  obtain:  — 

r«U08yi  (I) 

The  values  of  r,  and  r,  used  in  deducing  the  above  formula  are 
those  obtained  by  "difference  methodt"  that  is  to  say,  calculated 
by  taking  the  differences  of  the  epicentral  distances  of  different 
observing  stations,  and  the  differences  of  the  times  of  arrival  at 
the  latter  of  the  earthquake  motion.   For  our  present  purpose, 

«  Thaw  ioIbm  $m  lUgbt  nodiSeatioiiB  of  thow  gimii  in  tha  **  PabIlaiU«ia."  Xo.  IS. 
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however,  it  is  perhaps  better  to  take  the  values  of  the  transit 

volofities  deduced  l>y  "  direct  method  or  those  ohtained  by 
divitliug  tlic  epioentral  «Ii-!:!nce  f)f  a  ^-tation  by  the  time 
interval  taken  l)y  the  ^^eisniic  waves  in  traversing  that  distance.^ 
The  results  deduced  from  the  observations  of  the  Indian  earth- 
quake of  April  4,  1905,  at  different  seismological  stations,  are  as 
follows*  : — 

t'|=l0.0    hni.  per  sec; 
f,=5.83      ,.  „ 

Using  these  values  we  obtain  : — 

T =1,222  y,   (2) 

Let  us  provisionally  take  the  mean  of  the  two  equations,  thus: — 
*o=<i- 1.165  yi....  (3) 

in  which  denotes  the  time  of  commencement  of  the  earthquake 
motion  at  a  given  obsen'fttory. 

Kquation  (.'^).  \vhi<.u  is  to  be  regarded  as  being  roughly 
approximate,  gives  fairly  good  results,  as  siiowu  by  the  ioiiow- 
ing  examples. 

(1)   liiuUan  J3mrtkquak«  of  Attrtt  4,  1005. 

The  time(s(i)  o!  occurrence  in  Tokyo  ut  tliis  eartliquake  was 
0*  69"*  13*  (G.  M.  T,);  the  duration  (=y,)  of  the  1st  preliminary 
tremor  being  7m  IGs.  From  (3)  we  thus  find,  for  the  time  of 
earthquake  occurrence  at  the  centre  itself: — 


t  Sm  aezl  Artifile. 

*  Deduoed  fnm  Um  obtetvationi  at  tb«  diBteeat  gtetiaiii,  wh«M  e^omtnl  ditfaniM  ratted 
belnreenW"atidl«)* 


* 


Time  of  Earthquake  Occurnnce.  3 

«,=0  59""  13'-(l.lG5x4360=O*  50"  45*  (G.  M.  T.) 

This  agreee  very  weli  with  the  time  of  oocunence  at  the  origin 
inferred  from  the  ms^etograph  observations  made  at  Dehra  Dan, 
namely,  0*  49*  48*  (G.  M.  T.) 

(2)    San  MTraHCitwo  M-Jarihquake  of  AprU  IS,  1000. 

The  time  {<,)  of  occurrence  in  Tokyo  was  5*  24"  35*  A.M.  (in 

Western  States,  or  Pacific,  Time);  the  duration  (=//,)  of  the  1st 
preliminary  tremor  being  0"  49'.  For  the  time  of  occurrence  at 
the  origin  itself,  we  liave :  — 

^=5*  24-  SS'-Cl.ieSxO-  49')=5*  13"  A.M. 

Tliis  seeniJi  lo  ije  very  close  to  the  real  value  of  /«,  .since  the  time 
of  occurrence  of  the  great  earthquake  observed  at  the  Students' 
Observatory^  Berkeley,  and  Lick  Observatory,  Mount  Hamilton, 
were  respectively  5'^  12*  39*  and  5*  12"  12*,  these  two  places  being 
not  much  distant  from  the  epicentral  zone.  The  time  of 
earthquake  occurrence  at  the  centre  of  disturbance  was  probably 
5*  12", 

(3)    €UUabriaH  Msktrih^uake  ojf  Sept,  ltt03. 

The  time  (/j)  of  occurrence  in  Tokyo  of  the  seismic  motion 
was  1*  oP."  09' (G.M.T.);  the  duration  0/,)  of  tlie  1st  pn  Umiiiary 
tremor  being  10"  25'.  Applying  ih^AQ  values  to  our  formula,  we 
obtain: — 

56"  09'-(1.165x625*)=l*  44"  00*  (G.M.T.) 

Now  according  to  the  seismograph iral  observations  ma<lL'  at  tlie 
Observatory  of  Messina,  the  eartliquake  shock  was  felt  there  first  at 
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1*  43"  17'±2'  (G.M.T.).  Hence  the  time  of  occurrence  at  the 
origin  itself  was  proliably  about  1''  43"  00',  which  is  close  to  the 
result  estimated  above. 
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On  the  Methods  of  Calculating  the  Velocities  of 
Earthquake  Propagation. 

By 

F.  Omori,  Sc.D., 
Member  of  the  Imperial  Eartii^aake  luvestlgatiou  Committee. 

In  the  I'liblications  of  the  Earlhqualr  InvestiijatioH  Commillee,  No8. 
5  and  13,  I  have  stntod  the  view  iliat  the  seismic  waves  cor* 
respooding  to  the  different  phases  of  the  earthquake  motion  are 
propagated  along,  or  pai-allel  to,  tlie  earth's  surface. 

In  the  discussion  of  the  transit  velocities  of  the  different 

phases  of  the  earthquake  inotioii,  uiveu  in  subsequent  Articles,  I 
have  followed  the  same  iis??uinptiuii  and  uaud  thr<ni<iluiut  lliu  arcual 
distance  instead  of  the  length  of  the  chord.  Further,  there  are 
two  distinct  methods  of  the  velocity  calculation,  as  follows. 

(A)  MHreei  Methoa,  in  which  the  transit  velocity  is  obtained 
by  dividing  the  epicentral  distance  of  a  station  by  the  di£E^erence 
between  the  times  of  occurrence  of  a  particular  phase  of  motion  at 
the  iaUtr  and  the  origin  of  disturbance.  Thus,  if  x'  be  the  epi- 
central distance  of  a  place,  and  if  and  be  respectively  the 
times  of  occurrence  at  the  latter  and  the  epicentre,  we  have:  — 

Velocity«j3^. 

(B)  nifferenee  Meihod^  in  which  the  velocity  is  obtained  by 
dividing  the  difference  of  the  epicentral  distances  of  any  two 
stations  by  the  dtflference  of  Uie  times  of  occarronce  of  a  given 
phase  of  motion  at  these  stations.   Thus,  if  x'  and  t'  have  the 
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same  meaning  <as  before  and  if  x"  and    be  the  oorresponding 

quaiitiiios  ut  a  second  place,  we  have:  — 

Velocity  =4^=  . 

The  difference  method gives  always  a  higher  value  of  the 
velocity  than  the  ** direct  method";  the  discrepancy,  which  be« 

comes  pmnller  witli  the  increase  of  the  epicentral  distance,  being 
Jiiarkcilly  sIuavu  ni»  to  the  distrtiico  of  aKuul 

-  In  the  ■'  dilTereiH-c  ]ii>  ihu(.l,  '  wo  liave  no  need  uf  ascertaining 
the  time  of  occurrence  at  tlie  origin  of  disturbance;  the  inaccuracy 
about  the  position  of  the  epicentre  being  also  avoided  in  a  great 
measure,  provided  those  stations  which  are  taken  for  combination 
lie  on  one  and  the  same  great  circle  passing  through  the  epicentre, 
on  one  side  of  which  they  are  all  situated. 

The  velocities  corresponding  to  the  commencement  of  the 
different  phases  of  the  earthquake  motion  will  be  denoted  in  sub- 
sequent Articles  by  the  same  tjyrnbols  as  in  niy  former  papers,* 
namely,  as  follows: — 


F  Velocity  of  the  1st  preliminary  tremor; 

  „          2nd  ; 

  l.-^t  phase,  Principal  Portion; 

r4                                -^lul    „  „  ; 

fi                                     M  it  ; 

r.   ,,          4th  „  ; 

  ,*          5th  ,,  : 

Vi*  •  «.!•>                    6th    , ,  , ,  • 


•  The  "  FttUidatoD*,"  Xoa.  5  and  13. 


Digiti^uLj  Ly  Coovjle 


Preliminary  Note  on  the  Cause  of  the  San  Francisco 

Earthquake  of  Apni  iS,  1906. 

By 

F.  Omori  Sc.  D., 

MeiuUir  of  tlio  Iui]Jeriul  Kai'tii<£tmke  iiivebiigatiou  Coiuiuittco. 

1,  itdi  oductiun.  Tfie  great  oartlniuak.'  of  April  18,  1900, 
wliich  caused  an  enormous  amount  of  damage  in  San  Francisco, 
furnished  a  rare  opportunity  of  studying  the  different  earthquake 
phenomeoa,  especially  the  seismic  effects  on  various  modern 
structures.  Immediately  upon  the  receipt  of  the  news  of  the 
catastrophe,  the  Imperial  Government  resolved  to  diqiatch  to 
California  Professors  T.  Nakamura  and  T.  Sano,  and  myself,  for 
the  purpose  of  making  investigations  on  the  great  seismic 
disturbance,  each  according  to  his  professional  point  of  view. 
The  party  deiiarted  from  Tokyo  on  May  1st,  and  arrived  at  San 
Francisco  on  the  18th  rif  tl.o  ?tnne  mouth,  the  present  writer 
remaining  about  80  days  in  California. 

My  special  thanks  are  due  to  Professor  Geoige  Davidson, 
and  also  to  Professors  Lawson  and  Leuschner  of  tlie  University 
of  California,  Br.  Gilbert,  of  the  U.  S.  Geological  Survey,  Mr.  E. 
Uyeno,  Japanese  Consul,  and  other  ATnerican  and  Japanese 
gentleiiH'ii,  with  whom  I  cann-  in  coiitar!  and  who  gave  mc  most 
cordial  assistance  during  my  >lay  in  California. 

2.  Time  of  Ocvnrrewtee.  Tiic  times  of  earthquake  ocri  n  i  i  uco 
observed  at  tlie  Berkeley  University  and  the  Lick  Oijscrvatory  were 
respectively  6*  12"  39'  and  5*  12"  12'  A.M.  (Western  States  Time, 
or  that  of  longitude  120*^  W.);  the  time  of  commencement  of  the 
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disturbance  at  the  origin  itself  being  probably  about  5*  12*  AM. 
S.   Are«  9f  MfettrneMee  M9t4on.   The  area,  within  wliioli 

more  or  losrs  damage  was  done,  was  xcrv  \>iu^.  oxtendin^i;  ovor  ii 
di.^tanco  of  ">.")()  miles  along  the  I'aciHc  eoa^st,  from  the  vicinity  of 
Salinas  on  the  soutli  to  the  vicinity  of  Kureka  on  the  nortli.  The 
widtli  or  the  extent  from  the  coast  of  the  strong  motion  area  is 
probably  some  50  miles.  Tlie  earthquake  of  April  18th  was 
thus  greater,  in  length,  tlian  the  large  Japan  eaithquake  of  1891, 
the  lengtli  of  whose  area  of  strong  motion  was  about  400  miles. 
The  intensity  of  motion  in  the  San  Francisco  earthquake  was. 
however,  less  ^  iolt  nt  tlKiii  in  the  other,  and  the  amount  of  the 
casualties  in  San  I'  lancisco  ami  the  different  parts  of  the  strongly 
shaken  zone  was  small  comparatively. 

4.  Sea  w«v€M^  When  an  earthquake  of  inland  origin  is  large 
and  violent,  the  waters  of  i)onds,  rivers  or  lakes  are  more  or  less 
disturbed.  So  similarly  a  great  submarine  earthquake  is  often 
followed  by  tidal  waves;  the  time  int€r\'al  between  the  occurrence 
of  the  earthquake  shock  and  the  arrival  of  the  dcstruclive  sea  waves 
varies  frf>m  a  few  minutes  to  several  hours,  and  depends  on  the 
distanc<j  of  the  origin  from  the  shon-.  Tidal  waves  which  are  not 
to  l>e  noticed  on  high  seas  are  developed  most  markedly  in  bays 
with  shallow  waters  and  an  open  mouth,  but  aro  quite  insignificant 
along  deep-water  straight  coasts.  Many  of  the  great  earthquakes 
originating  of!  the  Pacific  coa.^t  of  Alaska  and  Central  and  South 
America  have  been  accompanied  hy  largo  tidal  waves.  But 
fortunately,  this  plionomonon  whieli  sometimes  causes  more 
damage  than  the  eartiu|Uake  disturl »anc(!  itself  was  s<>  far  nut  very 
destructive  along  the  coa-t  of  tlie  United  States.  The  great 
earthquake  of  April  Ibtli  last  pnvluced  distinct,  but  very  small 
disturbances  of  the  bay  waters  which  were  clearly  recorded  on  the 


Digitized  by  C(Kigle 


Qavm  of  the  Sau  FrauciK?  Earthquake. 


9 


tide  gauge  at  the  Presi<lii)  (San  Francisco);  the  ninomit  of  the  rise 
and  fall  of  the  sea  water  being  onl\'  about  0  inches;,  repeated  in 
about  40  minutes.  Now  the  wave  period  or  periods  at  a  place 
on  a  given  coast  remain  constant  in  all  the  tidal  waves,  irrespective 
of  the  origin  or  cause;  a  destructive  tidal  wave  consisting  simply 
in  the  increase  of  the  amount  of  the  water  motion  existing  more 
or  iess  at  all  times,  in  consequence  of  a  strong  submarine  earth- 
quake or  eruption,  a  storm,  or  some  other  agency.  A  seismic 
tidal  wave  is  caused  l»v  the  niovonients  communicated  from  ihe 
sea  bottom  to  the  superincmnbcnt  water  mass:  a  very  l>ig  water 
disturbance  taking  place  when  the  eartliquuke  focus  is  at  the  sea 
bottom  itself  or  at  a  very  small  depth  buluw  it»  accompanied  by 
some  changes  in  the  contour  of  tlie  sea  bottom.  The  absence  of 
any  great  tidal  disturbance  on  April  ISth  shows  that  there  was  no 
great  submarine  depression  or  vertical  dislocation,  although  it 
seems  probable  that  the  northern  half  of  the  epifocai  zone  was 
under  the  Pacific. 

5.  Seti  ShnrF..  The  steamer  "  Argo  "  felt  the  earthquake 
sliock  on  st  a  near  Cape  Mendocino,  the  sensation  being  like  that 
caused  by  running  agmniirl.  There  were  other  vessels  which 
experienced  the  earthquake  in  a  similar  manner. 

Effects  like  these,  which  may  be  called  "  sea-shocks,"  are  due 
to  the  direct  transmission  through  water  of  vibratory  earthquake 
movements,  and  not  due  to  th<  plu  nomena  of  the  tidal  waves 
which  are  developed  only  along  coasts  where  there  is  some 
iudcntalion. 

O.  Atw*'**xh»tafe  PottHion  of  the  Centre  oj'  l>Ji»ifocal  Zone, 
A  rotitjh  idea  as  to  the  i)o>ition  of  the  most  central  or  principal 
point  in  the  zone,  which  forms  the  origin  of  the  earthquake,  may 
be  obtained  from  a  good  seismograph  record  taken  at  the  Lick 
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Observatory,  wliero  the  prelinuiiarv  troinor  lasted  ahout  10  or  12 
seconds,  from  which  it  may  be  calculated  that  the  distance  between 
the  point  in  question  and  Mt.  ITamilton  was  about  80  or  00  miles; 
the  predominating  direction  of  motion  there  being  NN  W  and  SS£. 
These  data  indicate  a  place  near  the  Tomales  Bay  as  the  most 
central  point  of  the  disturbance.  The  approximate  position  of 
Uie  latter  may  be  assumed  to  be  at  a  ]>oint,  latitude  38*15'N, 
hmgitnde  123°\V . 

7.  I7ie  Bftifocal  Zone.  One  of  the  peculiar  fe;uun»s  in  the 
topography  of  the  State  of  California  is  a  straight  deiMcssion 
whose  direction  is  XNW  and  bSE  and  which  extends  through 
the  valley  of  the  Gualala  Biver,  and  Tomales  and  Bolinas  Bays, 
continued  farther  south-eastwards  for  some  distance.  This 
depression,  which  must  have  been  fonned  in  bygono  ages 
by  a  great  sudden  convulsion  of  the  earth's  crust,  or  by  the 
gradual  mountain-making  force  going  along  the  Pacific  Coast, 
shows  signs  of  disb  nation  is  raii-cd  at  no  very  iviiiole  epoch 
by  some  gi'eat  earthquakes,  and  it  is  of  a  special  interest  that 
the  earthquake  of  April  18th  again  produced  along  the  same  old 
weak  zone  a  continuous  series  of  remarkable  surface  manifestations 
of  cracks,  depression,  or  horizontal  slipping,  constituting  what  is 
called  a  "fault"  in  geology.  This  fault  which  has  been  most 
carefully  studied  by  Dr.  Gilbert  of  the  U.  S.  Geological  Sur\  l  y, 
Professors  Lawson  and  J>ranner,  and  otlier  able  geologists  of  the 
Berktdev  and  Stauiuid  I 'iiiN  ei;>itic>,  beijins  on  the  north  at  the 
right-lmnd  mouth  of  the  Alder  Creek,  near  Pt.  Arena,  and,  passes 
into  the  ocean  at  the  vicinity  of  Fort  Ivoss;  it  again  ajipears  at  the 
Bodega  Head  and  at  the  eastern  side  of  tlie  mouth  of  Tomales  Bay, 
crosses  to  Inverness  on  the  west  shore  of  the  same  bay,  and  then 
passes  through  the  vicinity  of  Pt.  Hcyes  Station,  continued  to  a 
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plaee  about  4  miles  to  the  west  of  the  Stanford  University ;  marked 
disturbances  of  the  ground  being  also  di^lillCtIy  shown  to  tlie  south- 
east, in  the  vic  inity  ot  Wright  and  Chitl«'nden.  The  length  of  the 
visible  fault  is  thus  over  150  miles,  being  three  timf■^;  that  of  the 
fault  line  in  the  great  Japan  earthquake  of  1801.  It  is*  further, 
extremely  probable  that  the  north-western  part  of  the  present  fault 
28  continued  beyond  Pt.  Arena  under  the  Ocean  some  120  miles 
more  and  extends  to  the  vicinity  of  Cape  Fortuna.  That  the  fault 
was  not  a  mere  surface  phenomenon  shown  by  the  apix  arance 
of  the  same  disturbance  across  the  tunnel  near  Wright  Station,  at 
11  depth  of  some  700  feet  below  the  moutitaiii  surface.  ??ee  fig.  1 
(PI.  I)  and  t\ii.2  (PI.  in. 

8.  Hhnar  of  the  Ground.  The  shearing  ninvcraent  of  the 
ground  produced  many  remarkable  results;  roads,  fences,  and 
eveiy  other  thing  crossed  by  the  line  of  disturbance  being  cut 
apart  and  displaced  considerably.  There  were  cases,  in  which  even 
large  redwood  trees  were  ^lit  by  the  shearing  motion  of  the  ground. 


Figure  4 


Olima.  a 
village  situate 
ed  between 
the  Tomales 
and  Bolinas 
Bays.  The 
fault  passed 
just  in  front 
of    a  house 


relates  to  the 
shear  effect 
observed  near 


Jlouae. 


Fig.  4. 
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(Skinner's  Ranch)  and  produced  a  relative  displacement  of  16  feet, 
a  girden  walk  being  carried  througli  that  distance  from  a  to  6. 

Fig.  ]  1  (IM.  Ill)  shows  tho  sliearing  effects  on  a  pier  at  Inver- 
ness, on  the  west  const  of  tlic  Tomales  Bay.  The  end  jmrt  of 
the  pier  was  separated  from  the  rest  and  was  displaced  al)ont  20 
feet  towards  NNW.  The  direction  of  displacement  in  this  particu- 
lai'  instance  was  opposite  to  the  general  direction  of  the  relative 
slip  along  the  great  fault  line. 

Fig.  12  (PL  III)  shows  one  of  the  fault  cracks  produced 
among  the  hills  above  Fort  Eoss.  It  will  be  observed  that  the 
new  disturi)anccs  appeared  along  a  tlcpression  marked  l)y  a  scries 
of  small  ponds  (shosvii  at  the  right-hand  side  of  the  pictui'e),  these 
latter  being  traces  left  by  a  former  great  earthquake. 

Fig.  13  shows  the  remarkalde  compression  and  sheai*  effects 
along  one  of  tho  parallel  fault  cracks,  observed  on  elevated  grounds 
near  the  town  of  Manchester,  not  far  from  Pt.  Arena.  A  foot- 
scale  placed  in  the  foreground  will  show  the  size  of  the  over* 
lapping  earth  pieces,  whose  plan  is  given  in  iig  8. 

».   Memttrkm  on  Shetufino  Mavementm,    For   the    sake  of 

illustration,  let  us  fir.>t  consider  cracks  of  a  wall  w-hen  the  eartlj- 
quako  motion  is  parallel  to  the  latter. 

Let  abed  (fig. 
5)  be  a  wall  whoso 
bottom  side  <t6  is 
fixed,  either  abso- 
lutely or  relati\  ely, 
while  the  ui)])er  side 
<■  d  is  l)r«)Uglit  to  the 
position  t'd'  as  the 


Fig,  S. 


result  of  a  shearing  stress  in  the  direction  of  a  to  b.    Then  the  rate 
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of  the  length  change  of  the  line  ««,  connecting  a  with  any  i>oint  t 

oil  the  t^ide  cd^  will  be  gieatest  when  the  angle  dae  is  equal  to  45°. 

Consequently  there  -will  Ite  foimocl  a  series  of  cracks  at  riglit 

angles  to  the  lines  of  gi'eatest  elougatiou  and  at  an  angle  of  45''  to 

the  base  a  b. 

Thusi  in  the  case  of  a  ^ 

strong   horizontal  motion 

parallel  to  the  plane  of 

the   -wall,  there   Tvill  be 

two  sets  of  cracks  at  right 

angles  to  one  another,  as 

in  Fig.  6. 

Fig.  6, 

Fig.  14  (PI.  IV)  illustrates  some  of  the 
cracks  of  plastered  walls  observed  in  St.  James 
Hotel,  San  Jose. 

Secondarij  Grades  of  the  Ground.    Along  the 

fault  line  the  ground  was,  as  in  other  cases, 
very  often  bulged  up,  funning  a  naiTOW  zone 
of  1  or  2  feet  |clevation  and  some  5  or  10  feet 
width  as  if  raised  up  by  a  gigantic  mole 
creeping  underground.  This  sort  of  ridge, 
whose  formation  was  doe  to  the  shearing 
action,  combined  with  a  compression  along 
the  line  of  dislocation,  showed  usually  a  series 
of  secondary  oblique  cracks,  as  is  diagraina- 
tically  indicated  in  Fig.  7.  These  ground 
cracks  were  perfectl\'  similar  to  the  shear 
cracks  of  walls  considered  above. 

Figs,       d   and  10,   show  parts  of 


Fiff.  7. 


AB  Fault  Zone. 

CJ>......SIiaiir  Gndn. 
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N32*W 


t 


S32*E 


the  fault  lines 
found  near  the 

town  of  ^[a^- 
chester,  not  far 
from  Pt.  Arena; 
the  (lottctl  lines 
in  each  figure 
indicating  the 
directions  of  the 
secondftiy  shear 
cracks.  Fig.  S  is 
tlie  plan  of  the 
remarkable  dis- 
turbances shown 
in  Fig.  13.  In 
Figs.  9  and  10, 
the  angle 
between  the 
main  fault  line 
and  the  -hear 
cracks  varied 
between  i  i^  and 
47^  In  Fig.  8 
however,  there 
was  evidently  a 
very  strong  coio- 
pression,  and 
the  shear  angle 
was  smaller, 
namely,  42% 
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I  bavo  measured  the  shear  angle  in  11  other  cases,  where  it 

varied  between  35*  and 


N34  W 

4  ^ 


47°;  tlio  total  aveiage 
value  being  40'. 

If  the  shear  be  ao- 
companied  by  a  horizon- 
tal compression  at  right 
angles  to  the  fault  line, 

the  angle  between  the 
latter  and  the  shear 
cracks  will  bo  smaller 
than  45',  as  suggested 
by  Professor  A.  Inokuty, 
of  the  Engineering 
College,  Tokyo  Imperial 
University.  The  co- 
existence of  a  li  iision 
normal  to  ilie  fault  piano 
will,  on  the  other  hand, 
make  the  same  angle 
greater  than  45^ 

Barititiuake  of  March 
17#*,  looA.  The  local 

but  very  .severe  earth- 
quake   in    the  Kagi 
Prefecture,  Formosa,  on 
March  17,  1900,  produced  also  remarkable  surface  dislocations,  in 
which  the  vertical  depression  and  the  horizontal  shear  each 


SIO'W 


Fig.  9. 
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amounted  to  about  8  feet.  The  angle  between  the  direction  of  the 
main  fault  and  that  of  the  shear  cracks  was  on  the  average  43^ 

11.  xamiM<i>«>  «fe.  In  the  meizoseismal  area,  there  were 
great  many  cases  of  mountain  slides.  The  most  remarkable 
among  these  was  that  which  occurred  near  Gape  Fortuna  (False 

Cnpo).   where  an  enormous 
1^37"^^  (liuuility  of  debris  Avns  clotach- 

0(1  from  a  mountain  side  and 
was  pushed  into  the  Ocean, 
creating  a  new  promontary  of 
about  3/4  mile  length. 

At  Moss  Landing,  near 

Sali^a^^,  there  were  gi*eat 
horizontal  disturhuneos  of  the 
sandy  ground;  tlie  otHce  of 
the  station  agent  being  dis- 
placed about  15  feet  relative 
to  the  adjoining  fence. 
SlOV  /         ^  19.  llir«0fl«M«/jV«ftoM 

iVatt  jPVimelveo.    pig.  ]{) 
(i'J.  Vil)  shows  the  directions 
towards  whicli  52<)  monuments 
S37  £  at  the  different  cemet^'ries  in 

San  Francisco  and  the  vicinity 
were  overturned  by  the  earthquake  shock.  It  will  be  observed  that 
the  greatest  number  of  the  monuments  were  overturned  towards 
the  oast  or  east  slightly  north.  The  moan  direction  of  overturning 
is  NTG'K.  wliicli  may  be  regarde«l  jis  tlic  tlirection  h)n\i)\\  which 
the  gi'oatest  horizontal  displacement  look  place.* 

8m  tbe    PaUicalloiia,"  Ko.  4. 


Vig,  10, 
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IS.  Jtel«<toM  to  the  Hremi  JPnnii  of  Ike  MHn^wUnnm  ef 
Motion  ai  the  neioMourhiff  plaoem.  The  approximate  directions 
of  tliu  principal  or  strongest  motion  at  the  dilTereiit  phices  on  or 
near  the  fault,  each  determined,  from  numerous  overturned 
bodies,  were  as  follows: — 


J. 


San  Francisco 


an  Jo^«e 


Cliittendcn  ... 
"Watsonville 
Santa  Bosa-.. 


NE. 
N. 


B, 


Tomales     N. 

Ft.  Reyes  Stataon(E£ist  side  of  Fault)    ...  S. 

Pt.  Arena    NNW. 

Inverness   XW. 

Pt.  ]^eyes  Station  (W  est  side  of  Fault)  ...  WWN. 
^  W jrij^l^t' •**  ■*4 


The  mean  general  direction  of  the  fault  is  N  37'  W— S  37"  E, 

tljis  being  exactly  idinlical  with  the  direction  of  the  great  depres- 
sion zone  before  niontioned.  11  ic  places  in  Group  A  are  situated 
on  the  eastern  side  of  the  fauh  line,  while  those  in  Grouj)  1>  are 
situated  on  the  western  side.  It  will  thus  be  observed  that  at  tlie 
A  Group  places  the  direction  of  motion  was  mostly  towards  North, 
Xorth-East,  or  North-East  by  East;  while  at  the  B  Group  places, 
the  direction  was  towai'd  North-West,  North,  or  North-West  by 
West  Thus,  on  the  whole,  the  motion  on  each  side  of  the  fault 
line  had  a  tendency  to  dixerge,  or  to  be  directed  away,  from  the 
latter.  This  can  Ihj  oxplaiiu  d  on  the  suppositimi  of  u  subterranean 
collapse,  or  settling  down,  which  would  produce  an  initial  in\viu"d 
motion,  to  be  followed  by  tlie  second  and  larger  outward  displace- 
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meut.  Further,  the  directions  of  motion  at  the  different  places 
were  mostly  northward,  and  not  southward.  This  would  mean 
that  the  whole  meizoseismal  zone  was  first  pushed  towards  SSE, 
tlie  second  or  counter  motion,  winch  was  greater,  being  conse- 
quently directed  to\v;nd  XNW.  1  presume  tlierefore  tliat  (lie 
action,  whicii  caused  tlie  great  earthquake  of  April  18tli,  was  a 
sudden  movement  towards  Soutii-£ast  by  Soutli  of  the  earth's 
crust  at  die  west  coast  of  Califoriiia,  accompanied  by  some  down- 
ward thrust.  In  this  connection  it  is  extremely  interesting  to 
note  that  Mount  Taroalpais  on  the  north  shore  o!  the  Golden  Gate 
has  been  ascertained,  from  the  trigonometrical  measuremetits,  to 
have  moved,  lictwoen  IS.'l  and  1882,  a. G  feet  towards  X  12°\V, 
indieatiiig  that  tlie  earth's  vni>i  at  this  part  (*f  America  was  hcing 
strained  toward  the  same  direction.  The  ground  on  the  eastern 
side  of  the  fault  line  was  geneially  displaced  toward  ^BE  relative 
to  the  gix»und  on  the  other  side ;  the  amount  of  the  horissontal  slip 
was  maximum  at  places  between  Pt.  Arena  and  Pt.  Reyes  Station 
and  varied  from  16  ft.  to  20  ft*;  the  amount  of  displacement 
decreasing  to  about  8  ft.  at  Woodside,  near  Stanford  TTnivorsity, 
and  to  about  1  ft.  in  the  vicinitv  of  Wright.  From  the  uailoriiiiiv 
of  iioi  thward  direction  of  motion  it  is  j>robalde  that  botli  sides  of 
the  fault  line  Were  di>plaood  toward  .NX \V,  but  the  west  side  was 
moved  more  tlian  the  east  .<ide,  the  amount  of  the  horizontal  slip, 
or  shear,  above  mentioned  being  merely  relative  or  differential. 
In  the  majority  uf  cases  the  eastern  side  was  depressed,  the 
maximum  amount  being  2  ft. 

14.  From  the  comparatively  very  small  number  of  after- 
shocks, I  inelined  to  sup])ose  that  (he  main  source  of  tiie 
eaitliquake  was  situated  some  consi^ierable  depth  hebnv  1)ie 
surface.   In  fact  the  earthquake  suems  to  have  been  caused  by  a 
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Fiir.  II.  Tho  shtMrin^  clTi-e:!*  n'l  a  (ai-r  ul  lnv<Tiii-«».  on  t!n'  wcwr  oo.uit  of  the  Touial<'i> 
Ha  J.    The  eml  piirt  oi  tho  i>iiT  was  Jia[i|;ic-«><[  ubviut  -i'  f-jot  towurdk  NX  \V. 


Fit;.  1^.     Ki'unrkiki'^'  (•■(ii'|ir«'*si.in  )in>l  ^ln-ar  vBi'fi*  ii'nn;.'       ■  "i  in"  tinill  iT^ioks. 
;  roiiKvc!  on  eli^ratol  ^jnmniN  no  ir  Pi.  .Vn-nn     .\  foi>t-t<i-:ilo  j)lic<'-l  in  tlu-  liTi-j^roun'l 
the  Bise  o{  the  uTCrLiiii>in;^  vurth  pit'O'a,  whost*  plan  ib  tO^'f  a  iu  li;;.  M. 
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Fiff.  12.  Ono  of  th<>  fault  cmcks  prodiictHl  nironsr  the  hills  alfoTO  Fort  Roso.  Tho  n*w 
<lii^liirlmno(>8  nppoiinil  nlon^  n  (toprr-RRion  uiarkt-d  liy  a  i^oricii  of  sniAll  ponds  (shown  at  the 
riKht-haad  ridi^  of  tht;  picturu),  which  are  traces  left  by  a  forwer  earthquake. 


Fi>;.    14.    Some  cf  the  cracks  of  plastcn>d  walls,  in  St.  Jiiini's  Hotel.  San  Jo*?. 
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Fiir-  15.  Tl<e  (liiDiaRed  comlition  of  the  newly  orcot«'«l  Lil-rnry  of  the  Shtnford  Uniyer- 
sity.    ike  central  steel  dome  LchnreU  as  an  eluatic  inverteit  pt-uduluui. 


FifT.  lf>.  'i'lio  niinril  fondiln  n  tif  n  stcci-iriiJit  <l  1  rii'k  Ii'  Iiki' in  Sail  FraiicisiM.  which 
was  d^naiuited  and  tlica  burnt,  Khonin^;  the  reumrktiMe  elfictij  ut°  the  iiiteutf  heat. 
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Tho  Obeervrttory  on  tho  top  of  the  Strawberry  Hill,  ia  tho  Golden  Gate  Park,  San 
Fmncinco,  built  of  r^^iaforix'il  amcroto. 


which  was  cuibcdded  in  the  coucrt.'tc',  wua  brcikcn. 
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disturbance  which  took  place  along  the  old  weak  line  but  extend- 
ed deeper  into  the  earth's  crust.  The  great  deptli  of  the  main 
source  of  disturbance  also  explains  why  the  intensity  of  motion 
was  comparatively  not  very  violent,  and  also  why  some  places 
such  as  iSanta  Kosa,  Snn  lose  and  Ferndale,  not  directly  on  the 
Cault  zone,  were  also  badly  shaken. 

19.  JEorfAffwaftc  J9sii«««e.  This  earthquake  enabled  us,  for 
the  first  time,  to  study  the  effects  of  the  shocks  on  steel-brick  and 
reinforced  concrete  buildings;  there  being  also  numerous  other 
damaged  structures,  such  as  ordinary  brick,  stone  and  wooden 
houses,  bridm-.-,  water-pijuvs,  etc  In  San  Francisco,  the  carth- 
Ljuake  was  followed  by  fires,  which  broke  out  from  soveral  places, 
continued  for  three  days,  and  entirely  destroyed  the  principal 
business  quarters  of  the  city.  The  total  area  of  the  burnt  districts 
was  4.1  square  miles,  which  is  equivalent  to  6  times  the  area 
of  the  great  London  fire  of  1666.  The  amount  of  casualties 
was,  however,  comparatively  small,  the  aseetiained  number  of 
persons  killed  being  about  390.  The  total  number  of  the  killed 
in  the  whole  eai  tli^iiakc  area  was  probably  not  more  than  lU(Jii, 
the  los.s  vi  life  in  Santa  Rosa,  Stanford  University,  and  other 
strongly  .shaken  places  being  slight.  In  San  Francisco,  serious 
damage  was  coniined  to  the  fillc]  n]^  <:roimd8,  where  the 
motion  was  not  so  strong  as  in  the  cities  of  Nagoya  (max.  ac- 
oeleration«2600  mro.  per  sec.  per  sec),  Fukui  (max.  acceleration 
8=2500  mm.  per  sec.  per  sec),  etc.,  on  the  occasion  of  the  great 
Mino-Owari  Eartliquake  of  1891.  The  double  amplitude  of 
motion  in  San  Francisco  was  probably  some  4  inches,  and  the 
coiijplete  period  of  vilaalion  about  1  -i nm  l. 

Fig.  15  shows  the  damaged  condition  of  the  newly  erected 
Librar}'  of  the  Stanford  University.    The  central  steel  dome. 


20 


v.  OaMiS: 


which  is  virtually  an  elastic  inverted  pendulum,  evidently  much 
vibrated,  thereby  causing  destruction  to  loosely  connected  brick 
and  stone  parts  of  the  building.    The  mortar  used  for  cementing 

the  inasonrj'  walls  was  of  nn  exceptionally  l)ad  quality. 

Tlie  damage  to  the  City  Hall  of  San  Francisco  was  also 
principally  due  to  the  same  two  circnn)<tanf  »'r^,  naniei^',  the  vibra- 
tion of  its  high  steel  tower,  and  the  bad  quality  of  mortar. 

Fig.  16  (PI.  V)  shows  the  ruined  condition  of  a  steel-framed 
brick  house  in  San  Francisco,  which  was  dynamited  and  then 
burnt.  Tlie  efTccts  u{  the  intense  heat  is  renmrkablo.  the  steel 
frames  being  distorted  in  every  possible  form  as  if  they  had 
been  formed  of  a  soft  maleable  metal. 

Fig.  17  (PI.  VI)  gives  an  outside  view  of  the  back  part  of 
the  Observatory  on  the  top  of  the  Strawberiy  Hill,  in  the  Golden 
Gate  Park,  San  Francisco.   This  building  is  of  reinforced  concrete 

and  furnishes  a  good  deiri(»iistration  of  the  strength  of  such 
structures.  The  Observatory  was  iiuleed  .seriously  danuiged  and 
its  front  portion  fell  down  to  t]»c  ground,  but  this  was  on  account 
of  the  weakness  of  the  foundation  ground-  which  was  mostly 
a  filled-up  one  and  was  considerably  cracked  and  depressed. 
Fig.  18  shows,  in  a  larger  scale,  one  of  the  cracks  of  the  basement 
wall,  similar  to  that  shown  in  Fig.  17.  The  steel  cable,  one  inch 
in  diameter,  which  was  eml)edded  in  the  concrete,  was  broken. 
The  use  oi  steel  cabU's  in  concrete  walls  thus  >t*iius  to  lie  objec- 
tionable, as  tliey  are  more  liable  to  rusting  than  solid  steel  liars. 
None  of  the  latter  used  in  the  concrete  walls  and  floor  of  tlie 
Observatory,  whose  section  was  half  inch  square,  was  found 
broken  ;  the  adhesion  of  concrete  and  steel  being  also  very  good. 

le.   Ueveut  seisiitii'  Activity,   Keccutly  there  have  been  a 
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Fig.  19.   Diagram  showing  the  overturniDg  direotions  of  520 
Monuments  in  San  Francisco  and  the  Vicinity. 

(iMih wtuSL ctoau  (X)  indiartei > nwnomeBt orerthrown in 
the  dinolka  flC  lU  ndiM  <a  vUoh  tt  liM.] 
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number  of  great  earthquakes  in  different  parts  o!  the  world, 

especially  along  the  following  two  zones  :  — 

(A)  .    Tl»u  raciiic  coa-^t  of  North  and  r^oiith  Amnica. 

(B)  .    Himalayas  and  North  Mediterranean  zone. 

Next  two  give  a  stiort  account  of  the  earthquakes  belonging  to 
these  two  zones. 

17»  JBmHk^umkf  ttfauflr  the  IF««f  Comet  •/  Worth  <iit<l 
s^th  America.  Within  the  7  years  preceding  the  San  Francisco 
earthquake  of  April  18,  1006,  there  were,  along  the  Pacific  coast 
of  the  American  continents,  seven  great  earthquakes,  on  the  dates 
as  folluwri  ;  — 

(i)  J^ept.  1  and  11.  1891)  ;  and  Oct.  '.),  1000. 

(ii)  Jan.  20,  lOUO  ;  and  April  19  and  Sept.  23,  1902. 

(iii)  Jan.  31,  1900. 

Of  the  above  7  earthquakes,  the  tliree  of  group  (i)  took  place 
off  the  south'West  coast  of  Alaska,  two  of  them  being  accompanied 
by  great  tidal  waves.  The  three  earthquakes  of  the  group  (ii) 
strongly  shook  Mexico  and  Guatemala  (Central  America) ;  while 
till'  <  :ii  t1n|uake  of  irroiip  (iii),  which  was  accompanied  hy  tidal 
di-turbunces,  can^^c<l  c«)iif iderable  damage  in  Panama,  and  the 
west  coast  of  Columbia  and  Kquador.  The  approximate  positions 
of  these  three  groni)s  of  earthquakes  are  marked  in  Fig.  20 
by  dotted  lines,  i,  ^,  and  3. 

As  the  west  coast  of  the  American  continents  is  one  of  the 
great  seismic  zones  on  the  eaith,  it  is  to  be  supposed  that  the  7 
destructive  earthquakes  above  enumerated  were  not  separate  or 
local  phenomena,  but  were  the  resnlts  uf  great  stresses  going  on 
along  the  Pacific  coa^t  zone  extending  from  Ala.-ka  to  South 
America,  manilested  at  its  north  and  middle  parts.  Hence  an 
event  most  naturally  tu  be  expected  would  have  been  the  exten- 
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Fig. 


«on  of  the  seis^ 
niic  di&tui'bance 
to  the  west  coast 
of  the  United 
States,  which  so 
far  luul  1/oen 
free  from  tlio 
vij^itatiou  of  dis- 
astrous earth- 
quakes. Now 
this  apprehend- 
ed event  has 
finally  taken 
l>lacL'  oil  April 
S  of  this  yrar, 
the  approximnte 
position  of  tlic 
origin  being  in- 
dicated in  Fig. 
20  by  a  thick 
line  marked 
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uivat  Sail  riaiKi?ct»  oarthtniakc  may  tlierofore  hu  iv:^.u(leil 
as  having  ( (inipk't(_'<l  tho  continuity  uf  the  seismic  activity  along 
these  districts,  wiiicli  hitter  tlins  l»o<'omo,  for  a  certain  numlu>r  of 
yeai"*?,  say  20  or  30  years,  seisniically  a  veiy  safe  place;  hirt^ 
eartliquakes,  which  remove  a  great  unstability  in  the  earth's  crust, 
never  happening  successively  at  one  and  the  same  place. 

During  my  recent  stay  in  San  Francisco  1  explained  on 
ffi'Veial  occasion-:  reasonings  like  the  ahove  to  ne\vspap»'r  rei>orters 
and  otiier?,  also  pointing  out  that  even  in  tlio  case  uf  a  fiUuro 
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dejjtructivu  earthquake,  the  intensity  of  motion  would  uot  be  ex- 
tremely violent,  so  that  a  slight  amount  of  precaution  taken  in 
building  houses  would  ensure  an  almost  perfect  immunity  from 
earthquake  shocks.  As  to  the  probable  position  of  the  next  great 
shock  on  the  Pacific  side  of  America,  I  expressed  my  view  that  it 
would  be  to  the  south  of  the  equator  (that  is  to  say,  Chile  and 
Peni),*  as  it  was  very  likely  tlint  the  seismic  activity  would  extend 
to  cither  end  alonjj;  the  great  zone  in  (juestion.  an<l  as  tho  coast  of 
the  euuntrics  al)ove  named  aru  cfn  ii  visited  hy  j^trong  earth  con- 
vulsions. I  departed  <iii  Aiip;.  -1  from  8an  Francisco  for  home, 
and  arrived  on  tho  22ud  of  the  same  month  at  Yokohama,  iiist 
there  learning  of  the  disastrous  shock  of  Valparaiso,  which  confirm- 
ed my  anticipation.  The  approximate  position  of  the  origin  of  this 
last  earthquake,  which  took  place  on  Aug.  17  (1006)  is  indicated 
in  Fig.  20  by  a  thick  line  marked  5. 

Tlie  great  stresses  going  on  aluug  the  wholes  Pacific  coast  of 
America,  whicli  thus  resulted  in  tiie  occurrence  of  a  scries  of  great 
earthr^nnkos,  seems  to  bo  connected  with  the  gvowtli  of  the  Rocky 
and  Andes  mountain  ranges;  the  Valparaiso  earthquake  bringing 
probably  the  great  seismic  activity  along  the  zone  under  con- 
sideration for  the  time  to  an  end. 

18.   JieHvUy  aioH0  the  WImaimymm  an«i  HHorth  MedUetvane- 

«nt  SSone.  With  regard  to  the  seismic  activity  in  Asia  and  Europe, 
it  is  to  be  noted  that  the  unusually  severe  eruptions  of  the  Vesuvius, 
which  ijeiran  on  ahout  April  7th  tiiis  year,  In-^tf-d  about  one  week, 
and  ended  on  llie  I'Uh  of  tlie  same  month.  On  the  following 
day,  namely,  April  14  (UlOG)  tliere  took  place  the  destructive 
earthquake  of  Kagi  District  (Formo!^),  in  whicli  1249  persons 
were  killed.    Four  days  later  on  there  took  place  tho  great  San 

•  Thic  is  what  I  pablished  in  Vtt»  .Van  fraaeheo  JluIhUn  of  June  13,  l&M. 
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Francisco  earthquake.    Whether  there  existed  or  not  a  connee* 

tion  between  the  Vesuviaii  eruption  and  these  enrlhfiuakes,  it  is  a 
matter  oi  i'act  that  there  was  a  great  suisniic  ariixily  aluiig  the 
whole  length  of  the  zone  extending  from  the  norlli  coast  of  the 
^Mediterranean  to  tlie  i^innalayas,  and  possibly  to  Formosa.  The 
different  earthquakes  belonging  to  the  zone  in  quesction,  whicli 
happened  recently,  are  as  follows  : — 

0)     Assam  and  Bengal,  (India),  June  12,  1897. 

(ii)  Aidin  (i^niyrna).  Sept.  20,  1899, 

(iii)  Sehemaelia  (Caucasus),  Fel>.  M),  19(i2. 

(iv)  Knshugar  (Turkestan).  Aug.  22.  l'J02. 

(v)  J^aioniki  (Maeedoiiia\  April  4,  1904. 

(vi)  Kagi  (Formof^al  April  24,  lUUi. 

(vii)  „    (  ),  Nov.  C,  1904. 

(viii)  Kangra  Valley  (the  Punjab,  India),  Apnl  4,  lOOo. 

(ix)  Calabria  (Italy),  Sept.  8,  1905. 

(x)  Kagi  (1  onnosa),  starch  17.  1906. 

(xi)  Kagi  (     ..      I  April  1  L  I'JOO. 

Thus  gi'eat  eartlupiako  umk  j>laee  at  the  different  parts 
of  tho  zone  stretching  through  Italy,  Macedonia,  Asia  Elinor, 
Caucasus,  Turkestan,  the  outer  side  of  the  Himalayas,  and  For- 
mosa; this  proving  that  tlie  underground  stresses  ^vere  grow- 
ing along  the  whole  zone.  As  the  seismic  disturbances  above 
enumerated  occurred  in  the  same  epoch  as  those  belonging  to  tho 
American  zone,  it  is  extremely  likelj'  that  underground  stresses 
reached  a  liia.ximuin  all  over  the  earth,  resulting  in  a  inarked 
display  of  seismic  ilisturhanccs  along  certain  zones  ot  wtakuL-.-s. 

19.  VottviuHion,  Future  studies  in  vaiioas  phcnoineua  con- 
nected with  Uie  movements  of  the  earth's  crust  might  pcrha|is 
teud  to  advance  our  knowledge  i-especting  the  problem  of  tlie 
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prediction  of  great  eaitliquakoi:,  wliicli  are  often  preceded  l>y  wbat 
may  Ijg  called  "fore-shocks."  In  the  meanwhile,  and  always,  it 
will  be  necessary  to  build  houses  and  other  structures  strong 
enough  to  resist  earthquake  shocks,  a  problem  which  presents  no 
great  dilficultios. 

Tokyo,  Nov.  1,  1906. 


Preliminary  Note  on  the  Seismograiphic  Observations  of  the 
San  Francisco  Earthquake  of  April  i8, 1906.* 

By 

F.  Omori.  Sc.  0., 

Member  of  tlje  Imperial  Earthquake  iDTestigatiou  Committee. 

I.  In  response  to  juy  circular  a?^king  for  a  copy  uf  tlie  scir^ino- 
graphic  or  magnetograpliic  records  of  the  Sail  Francisco  earth- 
quake of  April  18,  1906,  photographic  or  printed  reproductions  of 
the  diagrams  have  been  sent  in  from  the  following  35  stations  : — 
Lk^i^  Otaercat&ry ;  Washiaglottj  D.C.;  CMUnham ;  Tacuhatta  (Mexico); 
P'ietorUt,  B.C.;  Toronto  ;  Honoltth;  Mixmawa;  Osaka;  Kobe ;  Tadoim ; 
Taihoku  (Formosa);  i'ti/.s/t//:  J^dinhurgh ;  Keio  ;  Shiile(liAe  of  ^Vigllt); 
Strasxbunj  ;  Poiu  :  Quarto  Caaldlo,  Qurrcc  and  Xinioii'Uto  (Fk»reiice); 
Casaiiiicciola  and  J'orio  d' J-^'-hi  1,  in  the  l.rhmd  of  Ischia  ;  Fcinan  lo; 
Taxltkciit  :  Cairo  ;  Kodaik  imti  {Madnxi^)  ;  Calcutta  ;  Dchra  Jinn:  Jlataria; 
Manila ;  Zikatvei  (Sbanghai);  IVeUington  and  Christchurch  (New  Zea- 
land); Rio  de  Janeiro.  I  take  this  opportunity  of  expressing  my 
thanks  to  the  seismologists  in  charge  of  these  observatories  for 
having  so  kindly  sii[)plied  me  witli  the  results  of  their  observa* 
tions. 

Talile  1  gives  u  hst  of  the  latitude,  longitude,  I'picentral  dis- 
tanni',  and  the  time  of  occunenct>  of  the  1st  preliminary  tren)or 
fur  Tokyo,  and  for  each  of  the  U5  above-nientioncd  stations,  as 
well  as  31  other  places,  namely  : — Berkeley;  Ukiuh  (California); 
Baltimore;  Baldwin  (Kansas) ;  Ollawtt ;  Vieques  (Porto  Itico);  Si^ 
(Alaska);  Bergen  (Norway);  Hamburg;  GottingcH;  Heidelberg;  Jena; 

*  A  noUj  ou  th«  Tokyo  obs'jrmtioii  of  the  San  Fr.incisco  eurtliquakv,  with  oni'  of  th«  Stismo- 
gntma.  Iih  h-xn  giTon  in  the  Pwhlicatiovt  of  the  Karthy.  Jm.  Comm.,  Kq.  21.  A  pp.  II. 
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Kmkau;  KremmutMier;  Viema;  Laibach;  Budapest;  O'GijnUn;  Triest: 
Fininc:  Za<jreh  (Croatia);  Sariijeri)  (Bosnia);  Afjrain:  Tortosn^:  Ilhro\- 
Cariuja  (Granada);  Belijnul;  Sofia:  'inrfeir;  Tijii.'^;  Firmnnlle  (Aus- 
tralia), The  times  of  commencemont  of  the  1st  and  2ud 
preliminary  ti'eroors  relating  to  these  latter  places  have  been  taken 
from  Dr.  J^uers  paper,  entitled  S^ipmograph  and  magneto- 
graph  I'ecoi'ds  of  the  San  Francisco  eartliquake,***  and  from 
the  n^onthly  or  weekly  reports  of  the  different  seismological 
observatories. 

T))e  velocities  of  propagation  cuitv-p<Hi(lini:  to  the  cusiiiiiLiice- 
ineut.s  of  tho  1st  and  2nd  pre  liminary  trunioi"s  are  denoted  by  i\ 
and  r,;  the  calculation  hcing  jiiaUe  both  according  to  the  "direct 
method"  and  the  "difference  method",  as  explained  in  one  of 
the  preceding  Articles.  and  ta  denote  respectively  the  times  of 
commencement  of  the  1st  and  2nd  preliminary  tremors  at  a  given 
station,  whose  epicentral  distance  is  x>  2^  denotes  the  time  of 
earthquake  occmrence  at  the  origin. 

In  the  calcnlalion  of  the  t  i.i(  ..iifTal  distance  of  a  station,  the 
position  of  the  seismic  origin  has  been  fixed  according  to  the 
preceding  Article,  at  a  point,  latitude  38**  15'  N,  longitude  123^  W ; 
the  time  of  commencement  of  the  earthquake  motion  at  the  origin 
being  assumed  to  be  13''  12"  00*  G.M.T. 

*  The  Popular  Seimce  Monthlif,  Aagitat,  IttUC. 


28 


F.  Oaiori : 


TABLE  I.— OBSERVATION  OF  THE  SAN  FRANCISCO 

EAllTilQUAKi:  OF  APRIL  18,  lOOG. 

(*  'I'itm  UettTuiiaud  from  uuignutograniB.) 


Place. 


Position. 


Latitiiile.    I  Longitude. 


Epiceutral 
Distance. 
=x 


Tituo  of 
occnrrence 
(G.M.T.) 


3^15'  — 

125"  —  w! 

1 
1 

United  States. 

University,  Berkeley 

3, '62' 24" 

N 

m*i5'ii''wi 

0» 

42' 

'  '10'  -Id" 

N 

lir38'44"W 

1 

•24 

Ukiab  

:vf'0^'  \  r 

^' 

ll^y'lS  —  W 

0 

54 

AVashington,  D.C..  . 

77\);roG"W 

Ho 

Cbellenbaua   

;-ib'-J4'  — 

N 

HToQ'30"  \V 

U 

3if  I7'4b" 

H-r:V,'l-l"  \v 

35 

40 

Baldwin  

K 

95*10'—  W ! 

21 

42 

Mexico. 
Tactibaya  


I 


19^  24'  18"  K    99'11'37"W  i  27'  57' 


Canada. 

Victoria,  B.C  

Toronto. 
Ottawa  . 


1 48"  27'  —  N 

m'  -.uv  N 

.|45°2u  —  K 


12?*«22'—  W 

71^2:^24"  \V 
7oW--  \V 


lO*  12' 

au  27 


Porto  Bico. 

Viecji^ues...  


Alaska. 


Sitka 


57*03'  —  K '  135*20'—  Wi  20'  29' 


Hawaii. 

Honolulu   


21=19'  —  K  15a  W 


16' OU'  Hb'lO  —  Wi  5b'  3b'      13  -22  17 


13  12  39 

i;i  12  12 

18  12  17 
IS  19  20 
1}  11)  24 
13  30  00* 
13  lU  24 
13  34  — * 


U  17  56 


IS  14  12 

13  10  18 
13  17  o'J 


[la  17  01 

lia  22  54* 


Japan. 

70^ 

x    _  X   I.^l^)7'"  K 

50' 

13 

24  07 

73 

41' 

13 

24  35 

.,.  [3r4-.i'  —  N  I35'3l'—  E 

77 

04 

l:. 

24  24 
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PiMe. 


Kobe  

Tadotsu  

Taiboku(l'orm03a) 

Great  Britain. 

Paisley  

EditibttTgh   

Kew   

Shide(New  Port)... 
Birmingham  

Norway. 

Bergen  

Germany. 

Hamburg  ...   

GottiDgOD  , 

Heidelberg   

Jena   

BtFBssbarg   


Austna-HuDgary. 
Krakan  , 

KremHtnilnBtar  , 

Vienna  

Laibaeh  , 

Budapest  

O  Gyalb   , 

Pol*   , 

Trie&t   , 

Fiutne   

Zagreb  

Sarajevo   , 

Agrain   , 


Latitude. 


Position.  F^picentral 

  Distance 

Longitude.  |  s=z. 


34"  17'  —  N I 
26°  02'  —  N 


55*51'  —  N 
55*57' 28*  N 
5r2S'0C"  N 
50°  42'  —  N 
5i'28'  —  N 


G0°30'  —  N 


53'  33'  55"  N 
51' 38'  —  N 
49''  23'  55"  N 
50°  50'  —  N 
46>*35'00*'N 


50°  03'  50"  N 
48''0.'r  —  N 
4b°  13'  55"  2i 

46«03'  —  N 

}  TO      og"  X 

47  ^  52' 24"  Is 
44*61'4(>«N 

4.r  38' 45"  N 
45nU'56'^' 
45*48'  54*  N 
43°  52'  —  X 
46°  50'  —  ^' 


Italy. 

Quartii  Castello   

Querce   

Xiiueniano   

Porto  d'lscbia  


mm  — 

133°iG  — 
12r30  — 


E 
E 
E 


77-  17' 

78  27 

92  3a 


4H°49'  11"  N 
43°  47'  Is"  N 
4;i°4fl'4i."  N 
40*44' 27"  Nj 


4^25'—  W  72°  27' 

S"10'46"'W!  72  63 

0°I8'4G"W  77  17 

ri9—  W  77  25 


5*25'—  E 


lO^Ol'lO"  E 
D'^oB'—  E 
5°5S'44"  E 

11°35'—  E: 
7*46'10"  E 


l?t°.57'36*  K 
14'08'—  E 
16'20'2a"  E 
14'3l'—  E 
Hr03'55"  V. 
lb  52'32"  E 
13W44*  E 
13°45'45"  El 
14'2d'40"  E 
15'58'4y'  E 
18°44'—  E 
low—  E 


iri3'!l"  K 
iri0'4i"  E 
iri5'24"  E 


75  54 


72'  38' 


79°  38' 
81  15' 

81  28 

82  21 
82  49 


85*  51' 


85 
80 


40 
17 


ia°o(j'34"  E 


87  29 

87  50 

87  20 

88  15 

87  33 

88  05 
88  IS 
90  53 
88  IG 


S8  '05 
8S  08 

01  40 


Time  of 

occurrence 
(G  M.T.) 

U    m  • 

18  24  23 

13  25  (j7 
13  27  20 


13  23  12 
13  23  30 
13  25  42 
13  25  00 
13  25  03 


13  22  40 


I  13  24  ^iii 
!  13  24  34 
1:?  25  23 
13  24  34 
13  24  56 


13  35  48 
13  24  25 
13  25  42 
18  25  25 

13 

13  25  20 
IS  23  56 

13  24  33 
13  40  00 
13  25  25 

CO 

13  25  17 


13  27  15 
13  'Jo  00 
13  20  25 
13  20  69 
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TABLE  1.— Continued, 


Phce. 


Position.  I  Epicentral  \  Time  of 

 -j  Distance  I  occunence 

Lititude.   I  Longitude.  |  |  (Cr.M.T.) 


Casauiicciola. 


1 40*44' 45*  N 


I 


lb*54'12"  E    91*  44' 


I 


Spain. 

Sar>  Ffimnl..          '3r>»27'40''N  e'lS'lO-Wl  85*14' 

Toriosa                        10' 4U'  —  N  -^^4' —  H  Hij  Hi 

C.vtuiiifGnuKult)  .  ..  a7M(r  l:/' N  ()05'25"1-:  ss  OS 

Ebio     '       ..             40M'J'1-2'N  U'2'J  -JO"  K  .s5  36 


Servta. 

Beli'tad  1 44^  4t< 


h    n  s 

13  26  OH 


13  25  00 

13  24  55 
13  24  40 
13  24  55 


Sofia 


Balgftria. 


-  N    2  rO'J'  —        '.)0"'  33'     ^  13  3u  .;4 
4'J'  42'  —  N !  23W  —  E    [)S  28' 


Russia. 

Jnriew   j  DH'  25'  —  N  2 jV2'  —  K  80'  05' 

Tifiis  :4r43'oerN;  44"'47'5r  e  «a  la 

Tuscbkeiit  Uri<J'3rx'  6m'4ir  E'  95)  33 


Cairo . 


Egypt. 


India. 

KoiUikaiial  .. 
Calcutta  


30"  04'  33"  N :  Sl'irU*  E ,  107»  35' 


10'  13' 50  '  N  77'27'46*  Ej  127'  53' 
22' 34'  —  N|  tt»-24'  —  E]  112  25 


H.tivui  I  iros'  —  S  10r,'.-jC/  —  K  117  IS 

Manila    l-l'  34'  41"  N  1  l2uW33"  K  ,  lUO  14 


Shaii<;l<  li 


New  Zealand. 

Welllnstoa   

Christcbarcb   


31*  u'  33"  X  larms"  e  '  83  24 


Brazil. 
Bio  dti  Janeiro. 


41"  17'  -  S  174M7'  —  K  117'  40' 
4:>°  31'  50"  S 1 172'37'ltt'^  E 1 100'  23' 


22' 54' 24"  SI  43'iO'2l"Wi  lili' 30' 


A.iisttalia« 

Freoiantie  '32^03'  —  S|1I5'44'  —  Ej  90'  5b' 


13  25  00 


13  24  30 
13  27  17 
13  23  05 


13  31 


13  31  M 
13  lU  54 

1'^  ^^-2  .54 
13  22  42 
13  84  59 


13  26  36 
13  33  36 


13  69  41(Vj 
13  40  50 


8«itaiOgi»pb{o  ObMrratiom  of  the  Saa  Fcaadaco  Earthquake. 


31 


Table  II  gives  the  times  of  occunoiice  of  the  1st  preliminary 
tremor  at  the  different  stations,  divided  into  a  number  of  groups, 
according  to  the  epicentral  distance ;  those  places,  whose  time 
observations  are  apparently  not  quite  exact,  being  prmsionaUp 
excluded. 


TABLE  XL— SAN  FRANCISCO  EARTHQUAKE  OF 

APRIL  18,  1906. 


i»lfrereiKt  8lt»tl»«ia  divided  Into  Groups. 


Place. 


Origin. 

Viclom,  B.C.  . 

Sitka  


Ticubaya  .... 

Honolulu  

Toronto   

Mean 


Ottawa  

"Washington 
Cbelteubam  . 
Bftltimore  .... 
Meaa. 

Vieqoes   

Mizasawa  .... 

Tokvo  

Osak.i   

Kobo   

Meau 

Bergen   


Epiceutral  Distance 
Bar. 


Time  of  ocouirence. 
=fi(G.  M.  T.) 


13 

ISl 

00 

10^. 

12' 

13 

14 

12 

'2(f 

13 

17 

01 

27' 

I' 

la 

17 

.5S 

30' 

53' 

IS 

19 

30 

59' 

I'd 

1'.) 

18 

30' 

36' 

13 

18 

55 

35" 

27' 

13 

17 

59 

:j-2' 

l:^ 

^'.) 

•20 

35' 

44' 

13 

24 

35* 

40' 

13 

19 

24 

36' 

37' 

13 

19 

02 

63' 

38' 

13 

22 

17 

70° 

60' 

la 

24 

07 

76' 

41' 

13 

21 

3.5 

IT 

04' 

IM 

24 

2t 

ir 

17' 

:'l 

•'  { 

74 

43' 

13 

z4 

2A 

72" 

38' 

13 

22 

4G 
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TABLE  Ih—Coniinucd. 


Place. 


jBpiceiUial  Distance     Time  of  occurrence. 
=x  !  M.  T.) 


Paisley   

Edinburgh  

I'ii  mingbam   

Kew  

Sbide  

Hamburg   

Juijew  

Gdtlingen   

Heidelberg  

Jena  

Stmsabarg  

JtuMa  

San  Fernando  

Ebro   

Ivremsmiiuster  ... 

Vienna  

Tortosft   

(VG  valla  

baiijach   

TrisBt   

Quarto  Gistello  ... 

C^ueroe  

Ximeiiiano  

Cartiija  (GraDftda) 

Zagreb   

PoU  

Agrain  

Iscbia*   

Taihoku  

Sofia   

Mean  

Wuliingtoti  

Tiflis   

Tiiscbkent   

Batavia  

Kodatkanal  

Mean  


IT 

■27' 

II 

VA 

ID 

23 

a 

12 

72 

53 

18 

■1  ; 

30 

75 

54 

13 

25 

03 

77 

17 

13 

25 

42 

77 

2'> 

13 

25 

00 

79 

■AH 

13 

24 

32 

80 

05 

13 

24 

3i> 

81 

15 

13 

24 

34 

81 

•2H 

13 

25 

23 

82 

21 

13 

24 

34 

82 

49 

13 

24 

56 

78 

01 

13 

24 

29 

85* 

14 

18 

25 

06 

H') 

36 

13 

24 

55 

6b 

40 

13 

24 

25 

86 

17 

13 

25 

42 

.SC) 

:^7 

13 

24 

55 

fS7 

•20 

13 

2. J 

2U 

B7 

•2'.> 

13 

25 

25 

87 

■■Vi 

13 

24 

H'S 

H8 

05 

13 

27 

15 

bjs 

0.S 

13 

25 

0.1 

88 

08 

13 

2i) 

25 

SvS 

OS 

13 

24 

40 

13 

13 

25 

25 

88 

15 

13 

25 

56 

IC. 

13 

25 

17 

'Jl 

45 

13 

2Li 

34 

92 

2H 

13 

27 

20 

•2S 

13 

25 

00 

88 

09 

13 

25 

31 

40' 

!;! 

2il 

:m; 

K) 

27 

17 

5)9 

■AH 

13 

2H 

05 

117 

\x 

13 

1:'. 

32 

:\] 

54 

1J7 
108 

21 

13 

29 

18 
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(i)  *  Victoria,  B.C. 

x=10n*2'=U33  km, 

9tss8.58  km  per  iee. 

(ii)  *  Sitka. 

<i=l*17-01» 

Vim7.56  Im  per  cee. 

(ni)  Tacubaya^  Honolulu,  Toronto  : — 
Mmn  M«f  86'»3400  Am. 

iT|aa8.l9      j^er  sec. 

(iv)  Eastern  Parts  of  Canada  and  the  United  {states:  — 
OUawUf  Washington,  D.C-,  Cheltenluwi,  Baltimore, 

Mean  x=35''  37'= 3956  km. 

7"^»=422  sec. 
Oi«s9.d7  An»persee. 

(v)  *  Vieques  (Porto  lUoo). 

10»17««617  see. 
vis9.66  km  per  sec. 

( vi)  Japan :  — Mizusiiwa,  Tokyo,  Osaka,  Kobe. 

Mean  x=7-l'  43'=&a0l  Am, 


S4  P.  Omori  : 

l'2"»22'=74a  aee. 
01=11  19  km  per  sec. 

(vii)  Norway,  Great  Britaiu,  Germany,  Russia: — Bayen, 
Paiiky^  Edinbtirghf  Birmngkam^  Kew^  Shi^,  Hamburg^  {rotttnpeii, 

Mean  x=7BP  or»8067  ihw. 

12«29'= 749  sec. 
ri=11.57  Arm  per  sec. 

(viii)  Spain,  Austaro-Uun^oy,  Italy,  Burgaria,  Formosa: — 
San  FarnandOf  Tortota,  KrmtmuenOerf  Vienna,  O^GyaUa^  Laibadif 
Trkttj  Quarto  Cast^j  Qaerce^  Xime«umo,  Cartuja,  Zaynbf  Pobi,  A^ram, 

Mean  09'»9793  km, 

*i-fo=13'»31«=8ll8ec, 
»is=  12.08  Am  per  sec. 

(ix)  New  Zealand,  Turkestan,  Java,  India: — ^VelUngtanf 
Chrutehurdif  Tifiit^  TawMkmt,  £akma^  Koda^nal. 

Mean  x^lOST  21'-1903B  km. 

#t-^o-I7"I8^Bl038  sec. 
11.60  km  per  sec 

Excluding  provisionally  the  three  caseis  of  single  observa- 
tions, (i),  (ii),  and  (v)  marked  with  astmsks,  the  six  groups  (iii). 
(iv),  (vi)— (ix),  may  be  divided  into  two  sets  as  follows:  — 

1x=;iO°  36' ;  r,=8.l9  km  per  see. 
a;=a.Va7  ;  ri=9.37 

Mean  z^Sa"  7'  ;  ri=8.78 

a;=74°  43' ;  tJi=  11.19  Jim  per  sec. 
78  01  11.57 
ss  00  12.08 

108  21  12.G0 


(P)  (vi),(viiX(viii),(ix). 
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Mean   x-87*  19'       «i=11.61  A-}7tpersec. 

Comparing  the  latter  value  with  the  velocity  deduced  by 
"  difference  method  **  given  below,  we  obtain: — 

(difference  method)    _  13.97   i-j  no 

Oi(dii80t  method)         iLei  ^'^'^ 

This  ratio  is  to  be  r^^nded  as  holding  good,  so  far  as  the 

velocity  calculated  hy  "direct  method''  is  concerned,  for  tiie 

distance  «  of  about  70"  to  10(f  . 

The  relation  between  the  ^  and  I'i  calculated  by  "direct 

method," '  for  the  dix  groups  (iii),  (iv),  (vi)  (ix),  is  graphically 

shown  in  Fig.  2,  Pi.  IX. 

J}IFFSB£NCE  METHOD. " 

In  calculating  the  velocity  oi  by  the  difference  method'%  I 
ba%'e  taken  only  the  mean  values  relating  to  the  Groups  (iii),  (iv), 

(vi)  (ix).   The  relalaion  between  the  time  of  commencement 

and  the  epicentral  distance  is  illustrated  in  Fig.  1,  the  dotted 
curve  being  drawn  with  free  hand  through  the  mean  position. 
Assuming  a  linear  relation  between  the  time  of  commencement 
and  the  epicentral  distance  for  the  limits  of  the  latter  quantity 
given  by  the  groups  (iii)  and  (iz),  as  indicated  by  the  straight  line 
in  Fig.  1,  and  calculating  by  the  method  of  Least  Squares,  we 
obtain 

Vi— 13.07  km,  per  see. 

S.     VeloeUy  of  I'l  opagaHon  nf  the  2«#i  Freliminary  7V«mor. 

Table  III  gives,  for  21  different  .stations,  tin  epicentral  dis- 
tance aud  the  time  {=t^  of  commencement  of  tho  2nd  preli- 
minaiy  tremor  ;  the  stations  being  grouped  as  follows  : — 

Group  (i).    United  States  and  Canada: — Toronto,  CMUnhom^ 


3()  P.  Onocl: 

Group  (ii).  Japan  : — Misn$awa,  T^ei/Oj  Osaka,  Kobe, 
Group  (iii).   Central  Europe;— Hamlwrjr,  Jurjew,  QoUtnpn^ 
Jena^  Strassburg,  San  FemandOf  (XGyaUa,  Qmrto  Castdlo  (Florenoe)* 

Zcujreh. 

The  epiccntral  distance  varied  between  79°  38'  and  88'  13*. 

Group  (iv).  Tijiis,  Manila,  Calaitta,  the  epic€iiti*al  distance 
varying  between  99"  16'  and  112''  25'. 

Besides  these,  there  are  two  single  stations  of  Birmingham 
(«»75^  540  and  Sofia  (?t=9^9ff). 

The  relation  between  the  time  (^)  and  the  distance  for  the 
four  gi-oups  (i) — (iv),  is  illustrated  in  Fig.  'S,  (PI.  X). 


TABLE  III.— SAN  FRANCISCO  EARTHQUAKE. 


Time  of  CommtmcemMtU  •€  Mie  Sml  PrellmiuRrjr  Tremor. 


Place. 

Epiceotral  Distance 
~x. 

Time  of  Cotumr.  of 
2iid  PfeL  Tzemor. 

=  t... 

59' 

u 

13 

m 

25 

00 

35 

4i 

13 

25 

04 

35 

46 

13 

25 

1-2 

(i)Mean   

34 

50 

13 

25 

05 

To- 

50' 

13 

3:! 

14 

ys 

41 

13 

34 

24 

77 

04 

13 

34 

18 

77 

17 

13 

■U 

19 

(ii)  Mean  

74 

43 

13 

34 

03 

75* 

54' 

13 

35 

07 

W 

38r 

13 

34 

67 

80 

05 

13 

34 

43 

81 

15 

13 

34 

42 

82 

21 

13 

35 

09 
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Place. 


Strassburg  .... 
San  Fernando  . 

O'Gyalla   

Qaarto  Castello 

Z&gteh   

OH)  Mean. 

Tiflis  

Manila   

Calcutta   

(iv)  Meaa. 


EpioeDtral  Distance 


82° 

49' 

85 

14 

87 

26 

H8 

05 

88 

13 

83 

54 

99° 

16' 

100 

14 

112 

25 

103 

58 

Time  of  Commt.  of 
2od  PreL  Tremoxs^^ 


h 

m 

13 

35 

20 

13 

35 

18 

13 

36 

08 

13 

37 

58 

13 

35 

32 

13 

35 

33 

13 

ay 

13 

13 

37 

02 

}H 

40 

48 

13 

39 

01 

Calculating  the  velocity  of  propagation  from  the  mean  values 
given  in  the  above  table  wc  obtain  the  following  i-esults. 

•<  DIRECT  METHOD." 

(i)   ar  =  34''50'=3870*m. 

^,=l»'25"'05' 
*,-f,=jl3'»05'=:785  sec. 

v,s4.93  km,  per  aec. 

(ii)   a;=7r4:?'  =  ^<301  ib». 
f,=  P34'"0.j« 
^0=  22"03« = 1323  see. 
v,s6.27  km,  per  aee. 


(iu)   ir=83'54'=932l  Jb». 
f,=  l''35'°32« 
«,-<»»23»32*ssU12wo. 
v,^6.Q0  km.  per  tec. 

(!▼)  a!=103°  SB'slUSl  itm. 
^,=sm"Ol» 


3B 


9.  OMri: 


«^a7.1d  "km.  per  see. 
The  above  results  may  be  suniroarized  as  follows  : — 

(A)  For  (i)  in  whicli  the  cpicentral  distance  was  34*  50',  the 
direct  vplocity  t":  was  4.1)3  km.  per  sec. 

(B)  For  (ii)  aud  (iii),  in  which  the  distiince  was  74'  4U'  to 
83*  64',  the  mean  values  are  : 

x^lV  19',     r,-ti.44  hm.  per  «ec. 

(C)  For  (iv),  in  which  the  distance  was  great  and  equal  to 
103°58',  the  velocity  v>  was  7.13  fcm.  per  sec 

The  relation  between  the  epioentral  distance  and  the  velocity 
"s,  calculated  by  the  "direct  method",  is  graphically  shown  in 
Fig.  4,  PI.  XI,  the  curve  being,  within  the  limits  of  50'  and 
103°  5b  ,  approximately  straight. 

«*OIFFBBBir0X  BCXTHQD." 

(iv)-(i) ;  i?z=Oy'  08'= 7680  Jem. 

f?/  =  l:v»65'=H:35  Bpc. 
v,=9.2U  km.  per  sec. 

(iv}-(ii} ;  a^»29*  15'»3249  km. 

(tts4>58i=298  see. 
A  10.90  Itm.  per  see. 

(iv)-(iii);  f?j=-20"  04' =2227  km. 

«<=3'"21."=209  8<x. 
t?,=  10.C0  Am.  per  sec. 

(iii)-(i) ;  <Jx  =  4U'  04' =  5450  km. 

v,»6.69  hm.  per  see. 
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(m)-(ii)  ox=9'  11'= 1010  km. 

a<=l"^29»=89  sec. 
11.35  ^m.  per  sec. 

(ii)-(i)  a»s39*  5d's4430  &m. 

o,a8.d4  Jbn.  per  sec. 

The  above  lesalts  may  be  sumiuaiized  as  follows  : — 

(A).   For  the  three  combinataoDS,  in  each  of  which  the 

shorter  distance  was  34°  50',  the  velocity  r,  waB  small,  namely, 

v,s9.20  km,  per  see 
8.69 
8.24 


Mean  8.71  km.  pnr  sec. 

(B).  For  the  three  remainiug  combinations,  in  each  of 
which  the  shorter  distance  was  over  74^  43'»  the  velocity  was 
greater  : — 

f)i,s  10.90  km.  per  see. 
10.66 
11  .»5 


Mean  10.97  km.  per  sec. 

M'tn  vaiueoj'ti.    Taking  the  four  gioui)s  (i)  (iv).  Table 

III,  and  assuming  a  linear  equation  between  the  epicontral  dis- 
tance and  the  time  of  commencement  of  the  2nd  preliminary 
tiemor,  we  obtain  by  method  of  Least  Squares,  the  following 
mean  value  : — 

9as9.|12  km,  per  sec. 

Comparing  this  with  the  value  of  the  velocity  i?,  given  in  §2, 

we  see  that 

■57-  9.02 


40  Onori : 

this  ratio  relatiug  to  the  velocities  between  the  distance  limits  of 
about  30**  and  lOO*" 

4.    Miuraiion  of  the  Imt  I'reHmhtary  Trentor. 

Table  IV  gives  the  duration  (yi)  of  the  1st  preliminary  tremor 
at  the  different  stations,  ananged  according  to  the  epicentral  dis- 
tance 

TABLE  IV.— SAN  FRANCISCO  EARTHQUAKE. 
INBrathw  •r  Hie  M  PareHBUmiry-  Twtetmnae, 


Epiceutial 
DiataiioeBX 

Duration  of 
1st  Prel.  Tiemorsffi 

27* 

57' 

m 

4 

s 

53 

35' 

27' 

5 

31 

35° 

32' 

5 

26 

35* 

44' 

5 

38 

Meu  

35* 

34' 

5 

32 

63* 

atr 

7 

88 

70* 

50' 

9 

07 

41' 

9 

49 

IT 

04' 

H 

49 

IT 

17' 

9 

56 

740 

43' 

9 

40 

72" 

27' 

10 

12 

75* 

54' 

10 

04 

77' 

17' 

8 

12 

Hambtirp   

75" 

54' 

10 

25 

80' 

05' 

10 

04 

81" 

l.V 

10 

08 

82' 

21' 

10 

35 

82" 

49' 

10 

24 

78" 

2ff 

10 

01 

88" 

08' 

10 

57 

08' 

10 

42 

Quarto  Gsatello   

05' 

10 

56 
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TABLE  l\.—Omtmtta, 


Ptuse. 

Epicentral 
Distance  ssdF. 

Duration  of 
let  Piel.  Tremor  ssyi. 

dr  45' 

m  fi 

11  27 

88>  02' 

11  01 

99°  16' 

11  m 

Manila  

100°  14' 

14  20 

Meau    

99°  15' 

13  08 

According  to  Table  IV  the  mean  values  of  the  epicentral  dis- 
tance (»)  and  the  corresponding  duration  (j^,)  of  the  1st  prelimi- 


naiy  tremor  are  as  follows :  — 

x=2r  57'  ; 

yi=4" 

53' 

35'  34' 

5 

32 

53°  38' 

7 

3ft 

74'  43' 

9 

40 

78*  30' 

10 

01 

89*  02 

11 

01 

9y°  45' 

13 

08 

The  relation  of  X  and  as  illustrated  in  Fig.  5,  PL  XII,  is 
nearJy  linear.  Assuming,  therefore,  an  equation  of  the  1st  degree 
between  these  two  quantities,  and  determining  the  oonstants  by 
the  method  of  Least  Squares,  we  obtain  the  following  fonnola: — 

X  =  lti.79  yi  -  1618  km. 

The  deduction  of  this  equation,  whose  application  is  limited 
between  a;=:  about  30^  and  100*^,  differ  from  that  of  similar  equa- 
tions hitherto  given  in  that  the  data  utilized  in  the  calcula- 
tion relate  all  to  one  and  the  same  earthquake,  and  not  to  the 
observations  at  one  given  station  of  different  earthquakes. 
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F.  Omori: 


5.  Mil»%e  Horixonfal  J'entittluut  Sei»u%ogramm  obtained  at 
San  Fernando  and  n  t  itington. 

In  Figs  6  and  7,  Tl.  XIII,  I  reproduce  the  Millie  Horizontal 
Pendulum  seisniogranis  obtained  at  San  Fernando  (Spain)  and 
Wellington  (New  Zealand);  these  recoi'ds  having  been  selected 
on  account  of  the  clearness  with  which  they  indicate  the  Ws  waves, 
or  the  earthquake  vibrations  propagated  along  the  major  arcs 
of  tiie  earth.  The  explanation  to  the  Wellington  diagiam  is  that 
given  by  Mr.  G.  Hogben. 

In  each  diii^iam,  the  letter  A  jijurks  the  |>robable  coninience- 
ment  of  the  3rd  phage  of  the  principal  portion. 

The  portion  marked  Ws  in  the  San  Fernando  diagram  may 
correspond  to  the  repetition  of  the  earthquake  motion  propagated 
first  along  the  minor  arc,  which  came  back  after  making  one 
complete  circuit  of  the  earth.* 

The  epicentral  distances  of  San  Fernando  and  Wellington  are 
respectively  85"^  \4'  and  97*  40',  the  former  station  being  12''  2()'  or 
1381  km  nearer  to  the  origin  of  the  oni  th(^uake.  Accordingly 
the  Wj  motion  (K  (  uiied  some  minutes  earlier  in  the  Wellington 
record  than  in  the  San  Fernando  one. 

Han  Fernando  Sttsutogram.  Commencement  of  the  eaithquake 
»13*  25"  06'.  The  principal  portion  b^n  approximately  at  13* 
49**  SO*.  The  first  maximum  motion,  probably  corresponding  to 
the  3rd  pha^e  of  the  principal  portion,  occurred  at  13*  57"  18';  the 
2nd  ma.ximum  occurring  at  14*  03"  <>.V. 

The  W ;  iii«iti«iii  began  at  15''  13"",  the  '.'ml  pluiso  of  its  ]>riiK*ipal 
portion  eomniencing  at  1'/  32"  42*.  The  motion  remained  active 
till  lo'  Wr. 

Wdlingtoa  HeimogrMtt.     Commencemeut  of  the  earthquake 

*  Mr.  Bcg^bm  itttntlAaa  the  eartliqnite  mowiiMate  for  tlw  auooeniTd  npetitlonii 
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=  13*  26"  36'.  The  1st  Tnaxinuun  motion,  iipproxiniately  cor- 
responding to  the  coniniencemeut  of  the  principal  portion,  occurred 
at  14*  02"  00".  The  2dc1  and  largest  ma:cimum,  which  probably 
coxresponded  to  the  3rd  phase  of  the  prinoipal  portion,  occurring 
at  14*  10"  30*.  The  6th  phase  of  the  same  portion,  probably  the 
'*  transveise  "  vibration,  occurred  at  14'  39*  18*. 

The  Wi  motion  began  at  16*  05"  18';  the  Ist  maximum, 
which  probably  corresponded  to  the  commencement  of  the  3rd 
phai?o  of  the  principal  portion,  occurring  at  15*  30""  18'.  The 
2nd  maximum  occurred  at  15*  47"  06'. 

Comparing  the  W„  or  tlie  e^uthquake  proper  with  the 
motion,  we  obtain  the  following  approximate  values  of  the  veloc- 
ities. 


Pkoe 

CoiDmencement  of       «>n«»e.ice,iwnt  of 
PHnc  Portion.     ,  pll^p-^^ 

4.2  ktu./6ec.              8.7  kiD./«ec. 
4.8                  ;  3.8 

These  are  to  be  regarded  as  only  groj's  approximations;. 


The  foregoing  paragi-aphs  constitute  only  the  preliminary 
notes  on  the  seismographic  observations  of  the  San  Ftendseo 
earthquake.  A  full  discussion  of  the  transit  velocities  correspond* 
ing  to  the  different  phases  of  the  earthquake  motion,  and  the  results 
of  the  analysis  of  the  seismograms  will  be  given  in  a  future  number 
of  the  Fublications  of  the  Earthquake  Investitjatioii  ConunitUe. 


Note  on  the  Transit  Velocities  of  the  Guatemala 
Earthquake  of  April  xg*  1902. 

F.  Omori,  Sc.  D., 
Member  of  the  Impenal  Eiurtiiqnake  Investigatiou  Gommittoe. 

In  the  Pmredimi^  of  the  Rojiul  Snnrftf  of  London,  Vol.  A  7C, 
1905,  Mr.  K.  J  K  Oldham*  gives  an  inipurtaiit  discussion  of  the 
transit  velocities  of  the  Giintoinala  earthquake  of  April  19,  1902. 
As,  however,  Mr.  Oldham  confines  hiaiself  to  the  velocity  calcula* 
tion  by  the  "  direct  method/'  I  shall  here  try  the  calculation  by 
the  difference  method  "  of  the  velocity  of  propagation  of  the  1st 
preliminary  tremor. 

The  following  table,  which  gives  for  the  different  stations 
the  epicentral  (li-tanco  and  the  time  of  occunt'iice  and  the  duration 
of  the  l.st  prehuiinoiy  tremor,  is  taken  from  Mr.  Oldham's  paper. 


GUATEMALA  KA  li  i  lU^L'AKK  OF  Al'lUL  19,  1902. 


Station. 

Epiceutral 
rHstance. 

Time  of 

occurrence. 
(G.  M.  T.) 

Da  ration  of 

1st  Prel. 
Tremor. 

a7».8 

adS" 

sS" 

30.B 

30.5 

5.0 

43.0 

31.3 

5.9 

52.7 

32.1 

7.0 

38.6 

31.0 

5.9 

77.0 

86.0 

9.5 

77.4 

H5.0 

77.6 

34.6 

8.5 

•  B.  D.  Oldhain :  "The  Bote  cf  Tiawnmnloa  of  the  Ouiemalk  Escthquoke,  Apiil  10.  iMfi." 


Tnuuit  Velocitiea  of  tbe  OtutenmU  Riuthqiuk«.  45 


GUATEMALA  EAHTHUUAKE.— CWmwd. 


Tinwof 

occarreoce. 
(G.  M.  T.) 

Damtion  of 

Ist  Prel 
Tremor. 

Sbi^O.  of  WiflbA 

h  mlo. 

mln. 

78*8 

2  35.5 

114 

Eew 

7')  3 

36  2 

Q  6 

78.0 

35^5 

9.8 

82.:-? 

36.0 

10.4 

liuLuburg   , 

84.9 

36  3 

10  3 

Stiassborg   

85.0 

862 

88.6 

;^6.6 

10.6 

88.7 

36.6 

10.3 

Triflst  

90.3 

36.8 

12.1 

Home 

90.2 

37  6 

12  7 

Quarto  Ca&tello....  . 

90.4 

36  8 

10  5 

90.4 

37.0 

10.8 

91.4 

36.8 

9.9 

91.7 

37.0 

10.6 

93.6 

36.7 

89.0 

36.7 

10^ 

100.3 

37.0 

WclHtifjtotj      ....  . 

102.6 

38.0 

9.0 

Christchurch   » . . 

104.5 

37.2 

10.8 

"Hffpftti   

102.4 

37  4 

99 

Tokyo  

110.4 

38.8 

15.7 

Tiflis   

110.7 

38.2 

18.3 

111.9 

42.9 

16.2 

Cape  Town  

1 1.}.'.) 

38.4 

13.2 

111.7 

39.6 

15.9 

121.3 

40.2 

9.5 

142.9 

44.0 

144.1 

43.5 

22.1 

PSwrtb,  W.  A  

149.  W 

43.8 

18.2 

152.9 

20.4 

BirtaTW   

160.4 

43.7 

24.3 

/ 149.3* 
1151.8 

43.8 

81J 

*  140.8  is  the  iD«aa  diitaace  obtained  bjr  omifcting  Kodatkan&l,  and  151.8  that  obtained  b; 
AHittlBg  OdMttta.  ThaMt«DfyoMaMtob«DndfMpMiliif9ljtetiMttnw«f  «m 
tiM  durtim  «f  eh*  life  iM»liiBiBM7  iMoior. 


I  have  divided  the  34  stations  coutained  in  the  preceding 
table  into  7  groups,  the  relation  between  the  mean  values  of  the 
epicentral  distance  and  the  time  of  ocourrence  being  illustrated  in 
the  accompanying  figure  (P].  XIV).  From  the  latter  it  will  be 
seen  that,  within  the  limits  of  the  distance  under  consideration, 
the  time  of  earthquake  occurrence  increased  linearly  with  the 
distiUice.  Assuming,  therefore,  an  equation  of  tlie  1st  degrye 
hetween  tlie  time  ;ui<l  the  distance,  and  calculating  by  the  method 
of  Least  ^uares,  we  obtain 

1'!= 16.02  km.  par  *ee.* 

This  value  of  is  2  km.  greater  than  that  found  for  the  San 
Francisco  earthquake,  as  given  in  the  preceding  article. 

*  Thi  valm  of  «|  pveriovriy  obMaad  I6r  ^bS»  enfthquake  by  Dr.  A.  iBAiDiim  «u  IS,  S  km. 
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The  Calabrian  Earthquake  of  Sept.  8,  1905,  observed  in  Tokyo. 


1.  PI.  XV  gives  the  EW,  NS,  and  vertical  coiaponeiits  of 
motion  due  to  the  dieastrous  Calabrian  earthquake  of  Sept.  8, 
1905,  observed  in  the  University  compound,  (Kongo),  Tokyo; 
the  magnifying  ratios  in  three  diagrams  being  respectively  15, 
20,  and  12.  The  details-  of  construction  of  the  two  liorizuiital 
component  instruments,  *  which  are  nearly  alike  to  one  another, 
are  as  follows :  — 

Yeitioal  distance  between  the  points  of  suspension  and  of  support  °*  2  uietrw. 
Effective  length  of  the  strut,  or  the  honxontel  distmioe  between  the  poiiit  of 
Bopport  and  the  steady  metre. 


The  vertical  instrument,  which  is  one  of  Gray-Ewing  type, 
has  the  following  specifications  : 

Length  of  the  vertical  spixal  Bpriiigs»1.2  metre. 

HoriHmtal  dutvnoe  between  tbe  eentre  of  the  ateady  maas  anA  the  pivot  1 .2  metre. 
Weight  of  tiia  heavy  bob-O  kg. 
Matocal  Oecillatioa  period*'6.0  omi. 

The  time  of  commencement  of  the  earthqnake  motion  was  1* 

56"  09'  (G.M.T.).  In  the  following;  descriptions  of  thr  sei-nio- 
grants,  T  and  2«  denote  respectively  the  complete  period  aiid  the 
double  amplitude  of  motion. 

•  TlMfl*  M«  tlie  loi^peiiod  horUoatat  pewdalnwn  dawilb«d  la  ih»  PiAlteatiatt$.  No.  5.  wiCb 
•one  cbMfn  ia  fh*  weight  «f  tti»  alMdjr  uaee  aad  tbe  nulttplieatiOB  liliM. 


By 

F.  Omori.  Sc.  D., 

Ifember  of  the  Imperial  Earthquake  Lnregtigation  Gommittea. 


Natmnal  OaoUlatini  Period 
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F.  Ouori: 


s.  xw  CbinpMMMf.    Total  duration  «3  hours.   The  com- 


1st  I'reliminaiif  Treuiur.  Duration=  lO"*  25'.  For  the  first  2"* 
(>',  tlR'  motion  wua  very  siimll.  The  sulj8e(|ueiit  motion  was  larger 
and  nearly  uniform: — T=7.7  sec.,  max.  2tt=:3.3  mui,  there  being 
also  traces  of  small  vibrations. 

Bnd  Prdminary  Tremor.  Duratioocsll'*  40**  The  motion  was 
greater  during  the  first  6"  20*  than  during  the  rest  of  this  phase: — 


Prtudpal  Portim.  [1st  and  2nd  phases.]  Duration  =  10"  43". 
During  the  first  o"  48'.  the  motion  was  small: — T=21.2  sec,  max. 
2asO.()  mm.,  there  l>eiiig  also  small  vibralions  t)f  T=8.7  and  0.4 
sec.  For  the  next  2"  25',  there  were  3  small  slow  vibrations: — 
T=4^.3  sec.,  max.  2us0.05  mm,  superposed  by  small  vibrations 
of  T— 8.5  sec.  For  ttie  remaining  2"  29',  there  were  4  laiiger 
and  nearly  equal  vibrations:— T»37.3  sec,  max.  2aa0.1d 
mm;  there  being  also  some  small  vibrations.  [3rd  phase.] 
Duration =0*  39*.  During  the  first  2"  8*,  the  motion  consisted 
of  41  regular  vibrations: — T=28.5  sec.,  the  4th  having  the 
max.  2<«  of  <K.35  mm.    For  the  next  2"  the  vibrations 

were  smaller  and  quicker: — T=21.1  sec.,  mux.  2a=0.24  mm. 
For  the  remaining  4"  57',  the  vibrations  became  again  quicker: — 
T»14.5  sec.,  the  two  max.  2a'«  of  0.45  and  0.50  mm.  occur- 
ring respectively  5*  39'  and  8"  54'  after  the  commencement  of  this 
phase.  There  were  also  some  traces  of  vibrations  of  T=28.8  sec. 
[4th  phase].  During  the  first  5"  25',  the  motion  ua-  laviic  :  — 
T=17.7  .^ec.,  max.  2rt=U.21  nnn  ;  T^ll.S  sec,  max.  2.i  =  u.20 
mm.    During  the  remaining  10**  53'  of  this  phase,  the  motion  was 


mencement  was  very  small,  and  slightly  uncertain. 
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smaller  and  nearly  uniform: — T— 11.1  sec.,  max.  2a -0.1 2  mm; 
Tsl6.9  sec,  max.  2a » 0.08  mm.  [5th,  etc.  phases].  The 
motion  was  much  smaller.   Toward  the  end,  T=  13.9  sec 

The  W.  vibrations,  or  the  earthquake  movements  propagated 
along  the  iiKijor  arc  of  iha  raitli,  npiu  nml  at  .S*  •17'"  U)'  ((J.M.T.) 

a.  xs  f'ompofienf.  The  coniuieucement  was  very  small 
and  plii^litly  in-listinct. 

l*t  Vrdintimnj  Tremor.  Duration-about  10"  57'.  For  the 
first  1*  the  motion  was  very  small.  The  subsequent  motion  was 
nearly  uniform  : — Ts:6.0  sec,  max.  20^0.03  mm,  mixed  with 
some  vibrations  of  T>>11.3  sec. 

2nd  Prelimmanj  Tremor.  Duration  =  '.)*"  44'.  Thu  motion  was 
gi'eatcr  near  tlio  cnrnmenccmont  : — Ts=7.0  sec,  max  2^=0.08 
mm;  T=10.3  sec,  luu.x.  2f  =  '>.12  mm. 

Principal  Portion,    [1st  and  2ud  phase.]    Duration^U"  30', 
During  the  first  9"  44',  the  motion  was  nearly  constant 
T»tl4.9  sec,  max.  2a » 0.06  mm; 
,,=*  8.0     ,    „       =0.05  „  ; 
4.0      ,  small. 

During  the  remaining  1"'  47',  there  were  2  and  half  well- 
detined  vilmitiuns: — T=42.8!^eo.,  max.  2"=0.1  mm.  [3rd  phnse.] 
Duration  =  15"  IH'.  During  the  first  1"  20',  there  were  2  and  half 
well-defined  and  nearly  equal  vibrations: — ^T— 35.7  sec,  max. 
2a=0.22  mm.  For  tiie  next  2**  14',  the  vibrations  became 
quicker: —T- 26.8  sec,  max.  2a 0.33  mm.  For  the  next  1*  35', 
the  motion  Avas  smaller: — ^T»19.0  sec,  max.  2(1^0.2.5  mm.  For 
the  next  l*  11',  there  were  2  slow  small  vibrations;:  -  period  =  ;>5.5 
sec,  max.  '2u  =  {).i)\)  mm,  .supeiposed  with  small  iih nncnts  of 
T=i().l  soe.  TliereafU;!'  tlir  mntidii  Icram.'  niueii  ([uiek'T  ;m<l 
active,  the  vibrations  duiing  tlio  next  2"  31'  being  T=ir>.l  aec, 
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F,  Onori : 


max.  2/1^0.35  mm,  mixed  with  slower  vibrations  of  T»30.2  sec, 
max.  29=0.40  mm.  For  the  next  1"  42*:— T=25.5  sec ,  max. 
2a=0.33  mm.    For  the  next  1"  5.1',  the  motion  became  again 

quicker: — ^T=13.1)  sec,  max.  2a=0.13  iiini.  Ihinnc  tho  remnininp; 
'.r  28',  the  jHiiud  R'in:niiL'<l  nearly  cDiistunt: — T  -*'<■.,  max. 

2"=0.43  mm,  mixed  with  some  small  viliratioiis  of  T— 10.l>  seu, 
[4th,  etc.  phases.]  During  tho  first  20':— 11.3  sec,  max. 
2a =0.08  mm;  T=10.7  sec,  max.  2a=0.09  mm. 

End  Portion,  The  vibrations  hod  a  T  of  13.2  sec.,  there 
being  also  some  vibrations  of  T=17.1  sec. 

The  Wj  vibrations  which  a])i)earo(l  at  4*  06*  26*  (G.M.T.), 
Were  <iiuili  hut  wt  ll  <k'liiie<l: — T^IH.;")  sec,  max.  2'«  =  s]uall. 

1,  Vertical  C'ofi»po$tent.  The  motion  he^n  with  small 
quick  vibrations.  At  2*  32"  57'  (G.M.T.),  there  appeared  small 
slow  vibrations  continuing  for  about  10  mio.  7*  20*  later  on 
the  movements  became  more  distinct :— T--15.2  sec.,  max.  2a» 
0.03  mm. 

Appenaio}.  The  observations  of  the  Calabrian  earthquake 
at  Osaka  and  Mizusawa  were  as  follows:  — 

Osaka 

Total  Duration*  1*  24*.  Time  of  commencement=  1*  66"  31*. 
l*t  Prd.  Trent.  Durition= 10*15';  T=6.6  sec.;  loas.  2a=:0.2  mm. 
Snd  „      „  „     ssll  10;  „=6.7   „;   „     .,=0.7  „ 

Principal  I  'uiiion :  — 

Ut  and  2nd  phases.  Dnr.  =  7'"10';  T  =  20.0  sec;  max.  2ft=0.4  mm. 
ari  phase.  „    =k  25:  ,,='21.9  „:    „       --=0,5  „ 

4th    „  =8  30;,, -17.1   „:    „        =0.1  „ 

5t!i    „  „    =9  00:  „  =12.7    „  ;  =0  1  .. 

Gtb    „  n    =b  10;„— ld.4  „  ;    „       ssO.5  „ 


Th»  Otlaliflaii  Barthqualm  oC  S^.  8»  lOOB,  Obnmd  in  Tohjn. 
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7th  phase.  Dar.^7  45 ;  TB]d.8  see.;  max.  Qa^OA  mm. 

End  ParHon.  »  ^14.4  „  ; 

Mfixiinaica. 

Time  of  coinmenceinent=l*  6G"  12*. 

/Max.  2rt=n  o:?  n.ju.  (BW  Component), 

\  =0.0'.i       (NS         „  ). 

Tho  instruments  at  Osaka  and  Mizusawa  are  horizontfil 
pendulums  of  portable  form,  the  natural  oscillation  period  at 
Osaka  beiog  about  28  sec. 
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Preliminary  Note  on  the  Formosa  Earthquake  of 

March  17,  1906. 

By 

F.  Omori,  Sc.  D., 

Member  of  tbe  Imporial  EartUqiiakc  luvusti^atiou  Co.-uroittee. 


1.  Jntr<Hluction,  The  Island  of  P'ormosiu  is  j)rertTiiiient- 
]y  an  earthquake  country  and  has  been  vL$ited  within  Uiq  last  2 
years  between  April  1904  and  April  1906,  by  no  less  than  4 
deatnictive  shocks.  From  the  time  of  Teiseiko,  a  Chinese  general 
who  occupied  the  island  in  the  middle  of  the  17th  century  at  the 
dowDfell  of  the  Min  dynasty,  there  were,  up  to  190C,  eighteen 
severe  cnrthfjuakes,  as  follows. 


HO. 


1 
2 
8 

4 

8 
ft 

7 

8 

10 
11 


DATE. 


LOCALITT. 


Jan.  21,  1655. 

 ,  16G0. 

KoT.  1, 1720. 

Jan.  5,  mi. 

Jen.  S7, 1786. 
Deo.  — ,  1776. 

July  20,  1702. 

July— »181S. 
Oct.  — ,  1818. 

 ,  1816. 

Nov.  — ,  1640. 


BSHABESw 


Tuinau. 


'-  /Many  people  killed ;  luiid  aud 

n  jwiitor  .Vrr'a  .1.    Slincks  ooDtiniied 

'for  luulo  than  li>  days. 

Tainan,  Eagi,  BL5ka...  {JJj^J^^^'^  "^^^^^ 

&gi..  .....|6reat  many  people  killed. 

Firoi^  bEOke  out  aftLi-  tlio  cmlli- 
qimke,   noro  tbau  100  people 


Eagi  

Giian. 
TananL 

Giran .. 


kUled. 


rHoQsos  deatroyoil.  The  ground 
jvas  cracked,  aud  in  soiuo  i^laaea 
jVoonvalaed. 

Toxoko    ..  i .  osdesltoywL  Laul^Upx  took 
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F.  Omori: 


no. 

DATE. 

JnnA  ft  ISAfi 

18 

Dee.  18, 1867. 

U 

June  7, 1901. 

IS 

April  24,  1904. 

16 

Not.  G.  1904. 

17 

Mansb  17»  1906. 

18 

April  14, 1906. 

LOCALITY. 


REMARKS. 


TainAB,  Kagi»  Sbska... 


Tbis  WM  a  veiy  gnat  earthquake, 

and  in  Eagi  more  tlian  1000 
pereoiw  Vi&CQ  killed.  Tlie  mount 
Daisen  was  moeh  enolwcL 

Great  ilostnictioii  in  tlie  liarbonr 
of  Eeelnug,  wiiero  several  Lnndreds 
of  people  were  diowuod  by  tbe  sea 
waves.  EaonnotM  laudskpa  took 
place. 

Qkaa. 

Toiolra  to  Banaihoryi). .  .  3  x^ersoiiB  ktlletl,  18  wounded. 


Keelung 


Tovoika,  Kagi,  EnaiiikS. 
^kgi)  Tiwako.  


145  „ 
t266  „ 


Eagi.  BraaikO  llS 


n 


,  148 

,2476 

,87 


n 
»» 


Of  the  18  earthquakes  given  in  the  above  table,  13  originated 
in  the  south-western  part  of  the  inland,  namely,  in  the  Prefectures 
of  Toroku,  Kagi,  Ensuiko,  and  Tainan.  The  5  other  earthquakes 
shook  the  north-eastern  part  of  the  island)  their  origins  being 

submarine. 

In  tlio  lu'iioiis  (Japanese)  of  the  Jmperiul  Earthpukc  Incestujation 
CoiiiiiiiUcf,  Xo.  51,  tlie  present  author,  who  visited  Formosa  in  Nov. 
1904,  has  given  a  full  account  of  the  two  L  r^tnu  tivc;  eai'thquakes 
ol  that  year,  together  with  the  results  ot  tlie  seismographiot&l 
measuremonts  made  at  the  different  observatories  in  the  island. 

s.  Uammoe,  The  cai-thquake  of  March  17,  1906,  at  6*  42* 
SO*  A.M.,*  was  the  severest  which  shook  Formosa  in  recent  times, 

beinjx  even  more  destructive  than  the  well-lciiuwn  urcat  >liuck  of 
June  (),  1862.  Tlie  numbers  of  the  houses  damaged  and  the 
casualties  were  as  follows  : — 


"  Givea  ia  Sad  Nonnal  Japaik  Tinw,  or  that  oC  longitude  IStT  E  of  Gieeawioh. 
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Number  of  dwelling  houses  toUlly  destroyed   7,284 

„      ,,  partially   ,   30,021 

persons  killed   l,2li() 

„      „     „     wounded   2,476 


As  far  as  the  loss  of  life  is  concerned,  tliis  earthquake  was, 
anaong  the  recent  Japan  shocks,  only  second  to  the  great  Mino- 
Owari  catastrophe  of  1891. 

Immediately  after  the  earthquake  of  March  17,  1906,.  I 

proceedea  again  to  I'orinosa  and  was  able,  amongst  other  things, 
to  compare  the  seisinie  ulTucLb  un  Ihis  oc  isiun  with  those  in  Nov. 
1904.  One  si>ecially  interesting  feature  in  t!ii-  <  arthqri  iko  was  the 
formation  of  remarkable  fauit<^,  which  are  de^^cribed  iu  §  4. 

The  heavy  amount  of  the  casualties  was,  in  a  great  measure, 
due  to  the  weakness  of  the  native  dwelling  houses,  which  mostly 
have  no  capadty  of  resisting  earthquake  shocks,  being  built  of 
doknktt,  or  sun-dried  mud  blocks  of  dimensions  22x33x9^cm., 
loosely  ccuieated  with  a  mortar  of  mud,  at  best  mixed  witli  a 
small  quantity  of  lime.  The  consec^uunee  of  such  a  had  method 
of  construction,  joined  to  the  heaviuess  of  ilw  roof,  is  that  the 
native  houses  are,  at  the  occurrence  of  a  violent  shock,  at  once 
shattered  to  pieces,  leaving  little  time  for  the  people  to  e3capo. 
The  easiness  with  which  the  dokaku  houses  are  overthrown  may  be 
seen  from  the  fact  that  the  town  of  Dabyo  was  almost  entirely 
levelled  to  the  ground  with  the  exception  of  the  Sub-Prefectural 
Office,  a  brick  one-story  building  with  a  two-story  tower,  which 
suffered  no  severe  damage  except  some  cracks  in  walls  and  the 
falling  down  of  part  of  the  roof  tiles.  Framed  timber  structures 
resist  etirthquake  shocks  inhnitely  better  than  the  houses, 
but  they  are  generally  exposed,  when  old,  to  a  groat  danger  from 
the  ravages  of  white  ants,  which  litemlly  cat  up  the  wood. 
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Fi^'.  0  shows  the  rntncd  condition  of  a  native  temple,  Maso- 
byo,  in  the  town  of  Sliiiiko,  the  destruction  of  the  buikling  l»eing 
voiy  complete.  Fij;.  8  gives  a  view  after  the  earthquake  of  tlie 
Sub-Prefectural  Office  in  the  same  town,  a  wooden  Htructuro  with 
pl;ist(  red  wall:,,  which  was  very  severely  damaged,  due  mainly  to 
the  vibration  of  the  front  tower,  but  was  not  overthrown  to  the 
ground. 

8.  MMeiamatB.  Xho  earthquake  was  felt  all  over  the  Island, 
the  three  isoseismal  lines  in  Fig.  1  (PI.  XVI)  giving  approximate 

boundaries  of  the  arens  defined  as  follows  :  — 

(1)  Area  of  rioU'iit  mt'lion,  in  which  the  daina^ii;e  was  considerahle. 

(2)  Area  of  sci'iic  motion,  in  which  occurred  more  or  less  sucli 
damage  as  landslips,  cracks  of  the  ground,  partial  or  total 
destruction  of  a  few  buildings,  etc. 

(3)  Area  of  moderate  wotion,  in  which  the  sliock  was  moderately 
strong,  so  tliat  some  furnitures  were  overthrown,  pendulum 
clocks  were  stopped,  etc. 

Different  from  usual!  cases  <»f  seismic  distui  'i<;UK  c.>  lu  Formosa 
llie  longer  axes  of  the  isoseismal  areas,  especially,  Xos.  1  and  2, 
are  uot  i)arallel  to  the^lengtli  of  the  Island,  evidently  dm^  to  the 
fact  that  the  fault  and^thc  epifocal  zone  was  oblique  to  the  latter. 

The  area  (1)  of  violent  motion  was  about  5Qf^  in  length,  from 
the  vicinity  of  the  town  of  Baishiko  on  the  ca.st  to  the  city  of  Sliinko 
on  the  west,  and  about  30*"  in  width  from  the  vicinity  of  the  city 
of  Kngi  on  the  south  to  that  of  tlie  village  of  Tarimu  on  the  north. 
From  the  limited  extension  ol  the  area  of  the  severe  motion,  it 
may  l  e  inferred  at  once  that  the  earthquake  centre  was  not  deei) 
below  the  surface,  as  was  in  fact  intliciUed  by  the  formation  of  the 
faults. 

4.  JPnuita.   (See  PI.  XVII.)   The  main  fault  lino  is  most 
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markedly  shown  at  its  eastern  end,  where  it  crosses  the  road  lead- 
ing  from  the  town  of  Taihorin  to  Baishiko,  at  about  1^  from  tho 
latter  town.   The  fault  runs  here  in  tlie  direction  of  N  75*^  E  and 

5  75**  W,  the  south  side  being  depressed  6  feet  and  relatively  sheared 

6  feet  westwards.  Pig.  5  gives  a  general  view  of  the  fault,  the 
Icft-liaml  (south)  side  being  depressed  in  such  a  way  that  it  curves 
down  towiUil  the  plane  f)f  discontinuity.  Fig.  4  shows  how  the 
road  was  cut  off  and  displaced  at  its  intersection  with  the  faults 
Tlie  small  village  of  Bisho,  under  which  the  fault  passed,  was  com- 
pletely destroyed.  The  western  continuation  of  the  fault  passes 
across  a  hill  spur  and  appears  again  to  the  south  of  the  village  of 
KaigenkS,  at  about  1**  from  Bish5.  The  fault  then  runs  in  a 
mean  direction  of  N  75*  E  to  S  75*  W  and  crosses  the  river  SanjS- 
kci,  at  5*"  fi<»ni  Kaigenko  and  about  1*"  to  the  SW  of  the  vilkigc 
of  Maenry5,  jutKlvioing  a  4  fcot  dislocation  of  the  river  bod.  Then 
it  becomes  neiu-ly  SW  in  tlirection  and  passes  between  the  villages 
of  Tensansliikiaku  and  Kju«an«hikinku,  meeting  finally  to  the 
south  of  the  latter  the  branch  fault  of  Chinsekiryo.  This  second 
fault  starts  at  about  half  a  kilometre  to  the  west  of  the  village  last 
named,  on  the  top  of  a  gently  sloping  hill  of  hard  clay,  and 
manifested  itself  first  as  a  remarkable  deep  crack  of  2  feet  width, 
the  depth  ascertained  with  a  bamboo  stick  being  11  feet.  (See  Fig. 
6.)  This  fault  is  nearly  in  the  K  W  direction  and  its  western  con- 
tinuation passes  through  cultivated  grounds,  cutting  at  right  angles 
a  series  of  i)otato  field  ridges,  which  latter  suffered  a  relative 
horizontal  displacement  amounting  to  the  interval  between  two 
successive  ridges,  so  that  each  of  the  latter  became,  after  the  earth- 
quake, contiguous  to  its  former  neighbour.  The  fault  then  runs 
through  the  puddy  fields,  to  the  north  of  the  village  of  Tdsoiko, 
finally  reaching  the  city  of  Dabyo,  beyond  which  the  disturbance 
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of  tlic  ground  ceases  to  be  apparent.  The  railroad,  wliicli  runs  in 
an  N-S  direction  was  much  damaged  between  Daby5  and  Kagi, 
^f^cially  at  its  intersection  witli  the  fault,  8  mils  being  consider- 
dbly  bent  and  a  number  of  rail  joints  torn  apart.  The  length  of 
the  main,  or  Baishiko,  fault  is  about  11^,  while  tliat  of  the 
branch,  or  Chinsekiiyo,  fanU  is  a  tittle  over  4*",  the  whoio  length 
between  the  Dal)vo  and  Baishiko  ends  l)cing  13^**, 

As  stated  before,  at  the  eastern  extremity  of  tiie  main  fault 
the  soutli-side  was  de))!*  >M  il  and  ^hearod  westwards.  But,  ulung 
the  whole  rest  of  the  fault  the  relation  was  reversed,  and  tlie 
depression  was  invariably  on  the  north  (or  NNW)  side,  the  shear 
beicg  olways  eastwards.  The  maximum  amount  of  the  eastwaril 
shear  was  8  feet  and  occurred  at  the  village  of  KaigiMikd  ;  while 
the  maximum  northward  depression  of  4  feet  occurrod  at  the  hist 
nanunl  j  lacv',  and  also  at  and  near  tlio  crossing  of  the  fault  with 
the  Sanjokei  river.  Along  the  Chinsekiryo  fault,  the  depression 
was  also  alwa\ -  on  the  north  side,  and  the  shear,  who-'*  maximum 
amount  wa^  5  foet,  was  ^istwards.  In  this  case,  the  vertical 
dislocation  was  slight  and  less  than.l  foot,  being  often  indicated 
only  by  a  gradual  depression  which  caused  the  waters  in  the  puddy 
fields  to  be  collected  on  one  side  of  the  line  of  disturbance,  leav- 
ing the  other  side  dry. 

To  the  wu^l  of  Dahyo  there  wa<  no  surface  manifestation  of 
tectonic  disturbances.  But  it  seems  pn)haMi'  tluit  there  e.xists  an 
underground  continuation  of  the  fault  for  ahout  12*"  in  the  direction 
of  west  slightly  south,  as  far  as  the  vicinity  of  the  city  of  Shiulco. 
Along  the  zone  about  this  imaginary  faulty  which  is  marked  in  PI. 
XVIII  by  a  dotted  line,  there  was  an  ejection  of  lai'go  quantity  of 
sand  and  water.  Especially,  in  tho  >T[cinity  of  the  villages  of 
Tan-liiken  and  Saikoseki,  tlic  ejected  sand  reached  a  thickness  of 
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more  thaa  two  feet  and  covered  wide  areas  sometimes  half  a 
kilometre  or  more  io  width.  (See  Fig.  7.)  The  enormity  of  water 
ejection  in  these  places  may  be  judged  from  the  faxst  that  the  police 
authorities,  who  tried  to  rescue  people  from  under  the  mined 
houses,  were-  in  some  instances  prevented  from  immediately 
approaching  the  latter,  owinji;  to  the  large  quantity  of  mud  water 
which  iloodcd  the  surrounding  i.n-oLitid.-3.  The  total  k-ngtli  of  tliu 
fault  between  liaishiko  on  the  east  and  Tanshiken  on  tlio  west  is 

.  S.  Meiaii»M  to  the  JFattlta  of  the  M^ireetion  of  {Vibratory) 
BMlon,  Fig.  3  (PI.  XVIII.)  indicates  the  general  course  of  the 
faults,  the  directions  of  the  (vibratory)  motion  at  the  different 
places,  and  the  boundary  of  tiie  area  of  the  severest  shock.  This 
latter  area  is  slightly  different  from  that  bounded  l)y  the  line  (1)  in 
Fig.  1.  and  ineUule.s  those  towns  ami  villager^,  in  each  of  which 
more  than  50  dwoUinsr  houses  were  completely  destroyed  or  more 
than  15  persons  were  killed. 

The  directions  of  motion  at  the  different  places  in  thii 
meizoseismal  area  determined  from  overthrown  bodies,  were  as 
follows  : — 

Kagi    ...  Toward  ESE. 

ShinkS...    „  ENE. 

Suigiuseki    SE. 

Seiho    K. 

Dahyo   E  slightly  S. 

Baishiko    S^^K. 

Thus  it  will  be  seen  that  the  earthquake  motion  in  the 
meizoseismal  area  was  not  perpendicular  to  the  fault  zone,  but 
was,  on  the  whole,  directed  f^om  the  western  to  the  eastern  end  of 
the  latter,  in  the  same  sense  as  the  shear  of  the  depressed  side, 
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witli  Ihf  exceptioji  of  tlie  eastern  extremity  of  the  main  fault. 
This  seems  to  indicate  that  tlie  tectonic  disturbances  were  the 
vesult  of  the  existence  in  this  part  of  tbe  earth's  crust  of  a  pres- 
sure or  shearing  forces  in  a  drieetion  nearly  transverse  to  the 
longer  axis  of  the  island  of  Formosa^  vhioh  finally  produced  the 
faults,  such  that  the  first  shock  or  sadden  movement  of  the  ground 
was  westwards,  and  the  counter  or  greatest  one  eastwards. 
Probably  both  sides  of  the  fnult  /one  were  displaced  eastwards,  the 
shear  of  the  depressed  side  being  tlio  ditferoutial  amount  due  to  the 
greater  eastward  displacement  of  the  latter. 

The  disturbances  of  the  ground  along  the  two  faults  above 
described  were  similar  to  those  observed  in  other  cases,  the  depres- 
sion and  the  horizontal  shear  being  generally  combined.  There 
were  also  the  usual  secondary  sfuear  craek&*  whose  indination  to  the 
course  of  the  dislocation  zone  was  on  the  average  about  43".  At 
soiiu'  places  alon^  the  main  fault  there  wero  ujarkcd  forcing  up  of 
the  gnmnd,  due  to  the  coexistence  of  conijii  L^sion.  Un  the  other 
hand,  the  wide  crack  which  appeared  near  Chinsekiryo,  was  the 
result  of  a  tension  or  a  tendency  to  tear  ashunder  the  two  sides  of 
the  fault  plane. 

6.  JVo^ftfa  EiamtMfmrd  XkoienaiM  «f  the  MknUt*  The 

boundary  of  the  meizoseismal  area  given  in  PI.  XVIII.  is  evidently 

not  complete  and  represents  only  the  western  half,  the  eastern  half 
including  mountainous  regions  inhabited  by  the  savages,  whence 
we  could  get  no  earthquake  report-.  Thus  it  is  extremely  likely 
that  the  main  fault  did  not  end  at  the  vicinity  of  Baishiko,  but 
was  continued  eastwards  amoung  the  mountains  for  a  farther  dist« 
ance  of  20  or  25*".   This  supposition  consistently  explains  why  the 
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depression  and  shear  phenomena  at  the  eastern  end  of  the  Dabyo- 
Bfliahiko  fault  zone  were  opposite  to  those  along  the  rest  of  the 
latter.  The  faet  was  probably  as  follows  : — the  fault  had  an  exten- 
sion of  about  50*"  and  its  most  central  point  was  between  Bisho 
and  Kaigenko,  the  amount  uf  the  disturbances  being  greatest  near 
these  two  places  ;  further,  along  the  western  half  of  the  zone  in 
question  the  ground  on  the  noilh  side  was  depressed  and  sheared 
eastwards,  while  along  the  eastern  half  the  ground  on  the  south 
side  was  depressed  and  sheared  westwards.  (See  the  next  Article.) 

The  most  central  point  of  the  epifocal  zone  as  sssumed  above 
may  probably  be  taken  to  be  between  the  villages  of  Bishd  and 
Kaigenko,  say,  at 

Lmyihih,  120'  32'  E. 
.Lntltudr,  2:V  N. 
7.  IPurationufihe  i^relitnittary  Tremor.  The  approximate 
position  of  the  centre  of  the  eai-thquake  may  also  be  inferred  from 
the  duration  (ly)  of  the  preliminary  tremor  recorded  by  Omori 
Horijsohtal  Pendulums  at  the  different  meteorological  observatories 
in  Formosa.  The  epioentral  distance  (x)  in  the  following  table 
have  been  calculated  by  tlie  formula* 

Earth^ke  of  iMk,17,  1906. 


Place. 

Duration  of  Frel. 
Tremor— y. 

Epicentral 
Diatauce-x. 

^Kftiliokii  «■•             ■««  ■•* 

27.5  tee. 

288  km 

^^ftiditt        <*•  •»• 

0.0 

104 

^'ftinfiiQ                  «*«  *■« 

8.7 

101 

II;i'u,?n   

1  oo 

•  Th«  FuHicuthnf,  Xo  13. 
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The  circles  drawn  upon  a  map  of  Formosa  about  these 
four  places  with  radii  respectively  equivalent  to  tlie  calculated 
values  of  the  epieentral  distances  enclose  an  area,  whose  centre 
roughly  coincides  with  the  r^on  midway  between  the  cities  of 
Dabyo  and  Baishiko. 

8.  The  Tw  Swtre  MSarthtiuake*  in  1904*  The  earthquake 
on  the  early  morning  of  Nov.  6,  1004,  at  4h  25m,  cause<l  a  large 
amount  of  damage  in  the  Uiree  prefectures  of  Toroku,  Kagi,  and 
Ensuiko,  the  casualties  and  the  number  of  houses  damaged  being 
as  follows. 


Frefeoiiire. 

GaimilUeB. 

NntnUer  of  Honaes  damagetl 

Killed. 

Woanded. 

Totally 
dwtroyed. 

Greutly 

Slighfly 
damaged. 

Kftgi  ... 

188 

182 

425 

1021 

1458 

Tocokn  ...  ... 

10 

16 

62 

60 

517 

Enstiiko  

2 

0 

8 

4 

5 

Sum   

i« 

148 

490 

1085 

1975 

Thus  the  number  of  the  killed  was  nearly  equal  to  that  of  the 
wounded,  which  is  much  different  from  what  is  usually  the  case  in 
which  the  number  of  the  w^ounded  much  exceeds  that  of  the 
killed.  According  to  the  above  taWe,  1  person  wns  killed  f«)r  pvery 
3.4  houses  totiilly  destroyed.  This  ratio  is  niucli  sniulh'r  than 
wlmt  takes  phnee  in  Japan  proper:  thus,  for  instance,  in  tlie  great 
Mino-Owari  earthquake  of  1891,  there  was  1  person  killed  for  eveiy 
11  houses  totally  destroyed.  These  pcculialities  iu  the  Formosa 
earthquake  are  evidently  due  to  the  bad  construction  of  the  native 
houses  in  the  island,  as  remarked  in  $  2.  As  can  easily  be 
demonstrated,  a  very  bad  material  of  construction,  which.  iH>ssesses 
no  tensile  strength,  has  a  very  serious  defect,  namely,  it  ciiusos 
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The  J^uifiliiko  Fault. 


FiK-  4.  Sh>*ar  of  the  Taihorin-Biiishik5  Road  ;  the  fore^roand  (southt-rn  xiili  )  siink  6  fit>t 
nn<I  wa«  diaplacod  ti  feet  westwards.    (X )  Mark  the  former  continuation  I'f  tlio  nKid. 


depiesaed  6  fevt,  sloi  ini;  duwn  towards  the  fault  hue. 


Google 


Digitized  by  Google 


yif(.  6.  Cliiosekirjo  Fault :  a  widn  crock  foriuod  on  a  flat  hill-tup  ipMuad.  the  depth 
U'ing  inoro  than  11  feet.    A  2  ft.  scale  pIaL-«H{  Across  tho  openini;  (hows  the  width. 


PL.  XXI. 


Fiff.  3.  The  Xew  Snb-l'n-ftjctutnl  Office  Shinko,  ahowiDi^  the  uffucta  of  vibiwtion  of  t>>* 
front  tower.   The  baildin^c  «m  of  wood,  with  plastered  walls. 
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the  seismic  stability  of  the  wall  to  be  nearly  independent  of  the 
thickness;  veiy  thick  walls  of  the  Formosan  dokaku,  therefore, 
being  thrown  down  by  earthquake  shocks  quite  as  easily  as  thin 
ones.  Had  the  same  earthquake  taken  place  in  small  towns  of 
Japan  jjroper  the  casualties  would  have  been  very  slight.  The 
inteusit}'  of  motion  in  tlio  most  stronglj-  sluikt  n  area  was  nearly 
lialf  of  that  at  Giiu  or  Ogaki  on  the  occasion  of  tlio  Mino-Owari 
eaxthqnake. 

In  Formosa  there  are  also  a  large  number  of  houses  or 
cottages,  built  of  bsmboo,  with  very  light  roofs.  These  were  of 
course  not  damaged  by  the,  earthquake.  Wooden  buildings  in 
ordinaty  Japanese  style  also  received  no  particular  damage,  except 
cracking  of  plastered  walls  and  the  disturbances  of  roof  tiles. 

The  area  of  destructive  motion  was  a  nuiruw  zone,  whose 
length  and  bioa<!th  were  ahont  57  and  23*"  re-jpectivtly.  Tliis 
zone,  whose  longer  axis  was  in  a  NNE-SSW  direction,  stretclied 
from  the  vicinity  of  the  town  of  Toroku  on  the  north  to  the 
vicinity  of  the  village  of  Shin-eisho  in  the  south  ;  the  shock 
having  been  strongest  in  the  district  between  the  towns  of 
Shinko  and  Kagi,  at  the  middle  of  the  area  under  consideration, 
or  at  about  lat,  23*^30'  N,  and  long,  120*^6'  E. 

The  earthquake  of  April  24,  1904,  at  2*  39"  P.M.  which  also 
disturbed  the  south-western  part  of  1  oi  iuosn,  was  not  so  violent  as 
that  of  Nov.  C,  hut  its  area  of  disturbance  was  much  larger,  and 
the  zone  of  severe  motion,  whose  length  and  breadth  were  123  and 
32*"  respectively,  ran  in  a  NNE-SSW  direction  from  the  vicinity 
of  the  town  of  Toroku  on  the  north  to  the  \icinity  of  Banshoiyo 
and  Hozan  on  tiie  south. 

The  position  of  the  centre  of  each  of  the  two  earthquakes  of 
April  24  and  Nov.  G,  1904,  may  also  bo  determined  from  the 
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duration  of  the  preliminary  tremor  observed  at  the  differeat  places, 
the  cpioentral  distance  being  calculated  by  the  same  formula  as 
that  given  in  $  7. 


Eartligttake  of  Aprii  24,  1904. 


Flam. 

Duration  of  PreL 
TreniOT^y. 

Epicentral 
Diatanoeadr. 

Taiboku  

28.7 

246  km. 

Taiclm   

11.4 

120 

Taito   

12.8 

181 

Hukoto   

12.7 

180 

Juirlhqvakr 

>/  1001. 

riaco. 

]'»nratian  of  PWl. 
Tremor  =(/. 

Epiomtml 

Distance— X. 

Taihokn  

•*«  •!» 

28.B  He. 

846  km. 

Taidiu   

•               *«■  •*» 

ll.fi 

119 

Tainan   

**«  *«* 

8.8 

08 

Taito   

*•«  *«» 

15.6 

160 

Hoikoto   

•a*       frt*  «■* 

0.0 

108 

The  circles  drawn,  for  each  of  the  two  earthquakes,  about 
the  different  places  with  the  radii  equivalent  to  the  corresponding 
epicentnil  distances  enclose  an  area,  whose  centre  approximately 
coincides  with  the  middle  of  the  meizoseismal  zone  already 

mentioned. 


O.  Helation  of  the  IJarfhquake  of  March  17,  1906,  %vi*h 
those  in  1904.*  Tlie  violent  earthquake  of  Nov.  G,  1004,  was 
small  in  area,  and  its  epifocus  had  a  length  of  only  57^^,  nearly 
coinciding  with  the  northern  half  of  that  of  the  earthquake  of 

*  Thti  tiiues  at«  given  in  that  of  long.  120"  £.  of  Uroenwioh. 
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April  24  in  the  same  year,  whose  i  pi focal  zone  had  a  length  of  123**'- 
Thus  the  April  earthquake  was,  in  magnitude,  2  or  3  times 
greater  than  the  November  one,  while  the  intensity  of  motion  in 
the  latter  was  veiy  much  higher  than  iu  die  former,  the  di£Ferenee 
in  the  amount  of  the  damage  and  casuahies  being  also  confflder* 
able.*  It  is  evident,  therefore,  that  the  focus  of  the  1st  earth- 
quake was  deep,  while  that  of  the  2nd  was  shallow.  The  two 
seismic  foci  may  diagiaramutically  bo  rcpresenteil  by  the  two  lines 

Marth  marfact 

a  c  =—  ^ 

Fig.  10. 

B 

A 

A  and  B  respectively  (Fig.  10).  It  is  probable  that  the  second 

earthquake  was  in  some  Avay  connected  with  the  first  ;  and,  as  the 
(lination  df  the  maxiiiiuia  disi)lacement  at  the  different  places  was 
in  the  2nd  earthquake  generally  direi  tcd  ton- ml  the  epifocus, 
which  implies  aji  initial  outward  moti(jn,  the  cause  of  these  two 
shocks  wa.s  proluil^ly  the  .-uddun  formation  in  an  N-S  direction  of 
an  underground  cavity,  the  2nd  earthquake  being  due  to  an 
upward  extension  of  the  latter  at  its  northern  part.    Thus  it  was 
to  be  inferred  that  the  earthquake  of  Nov.  6,  1901,  was  only  a 
disturbance  which  marked  an  intermediate  stage  in  the  develop- 
ment of  the  seismic  activity  along  the  zone  under  consideration, 
leaving  a  pu^bilnlity  of  tin'  occunvnce  of  a  final  destruclivc  ahuck, 
whose  origin  would  bo  quite  near  the  surface  and  at  the  northern 
end  of  the  epifocal  zono  of  the  earthquake  of  April  24,  1004. 


*  Those  two  oirtliqiiikM  m  Nm.  16  and  10     en  in  thu  TaIiW,  |  1. 
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From  these  con^^i(^'nltioIl^,  uiul  also  hi-cnuso  .-ucli  severe  but  Jocal 
shocks  as  those  wiiich  happened  in  llie  soutli-western  part  of 
Formosa,  often  take  place  suocossivoly  at  neighbouring  places  in 
the  course  of  a  few  years,  I  stated  at  the  time  o!  my  visit  to 
Formosa  in  the  end  of  1904  that  the  districts  about  Kagi  might  be 
visited  after  some  years  by  a  third  shock,  against  which,  however, 
it  would  be  posfnl^le  to  make  structures  earthquake-proof,  pn^vided 
proper  cares  ha  tukcu  in  the  l)uiltiiii^.*  My  aniicipation  was.  in  a 
measure,  fulfillid  hy  the  oceurn  lu  i-  of  the  <  :u'thquake  oi  .March 
17,  1906,  although  its  opifocul  /mug  wa$  at  right  angles  to  tliose  of 
tlie  two  praccdiog  ones. 

After  the  occurrence  of  the  destructive  shock  of  March  17, 
accompanied  by  the  foniiation  of  remarkable  faults,  it  was  to  be 
expected  that  the  next  severe  shock,  if  any,  would  rather  have  its 
origin  displaced  southward-?  and  at  a  greater  depth  such  that  the 
surface  inten.-ity  would  not  be  so  very  violent.  I  have  stated  this 
in  a  Tainan  daily  newspajK-r,  the  "Tainan  8hinpri,"  of 
April  13,  1900,  and  on  the  next  day,  .\pril  11.  flu  ic  took  place 
an  earthquake,  nearly  as  extensive  as  that  of  Mai'ch  IT,  the  origin 
Jiowever,  having  been  displaced  about  10  miles  towards  the  south, 
so  that  the  city  of  Kagi  was  now  at  the  northern  limit  of  the  area 
of  destructive  motion.  The  position  of  the  origin  of  the  eartli- 
quake  of  April  14,  which  was  accompanied  by  no  surface  fault, 
was  appro .\ in  lately 


10.  JPeHodU  MtepeHHw  of  «<ro«»ir  Afi€r^oek9»  The 

violent  earthquak  of  March  17,  100G,  was  followed  by  numerous 

•  F.  Omori  :  "oa  the  Kj,rth;jmk<:B  m  Form  >i.i.''  lljijrls  (JupiXioiuj  of  llu  lM2>.riiit  Edfth- 
quakt  tniKatiffiitim  Cmtmittet,  No.  M. 
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after-shucks,  attended  by  tlie  usual  phenomena  of  sound.  What 
was  very  peculiar  in  this  castt  wa3  the  abnormal  severity  of  many 
of  these  subsequent  shocks,  some  of  which,  like  the  severe  earth- 
quake of  April  14,  was  in  reality  not  an  afi:er>shock  at  all,  but 
rather  a  separate  manifestation  at  a  different  place  of  the  same 
seismic  activity  which  caused  the  first  great  shock.  The  following 
table  gives  a  list  of  the  more  prominent  among  the  after-shocks, 
which  occiisioned  more  or  loss  damage. 
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4 
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2 
1 
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It  may  here  be  noted  that  the  study  of  the  after-shocks  of  the 
Mino-Owari  and  other  recent  large  Japan  earthquakes  has  shown 
the  existence  of  a  series  of  periods  in  the  variation  of  the  number 
and  intensity  of  these  shocks,  the  most  well-defined  ones  being 
4i  days,  8  or  9  days,  about  12  days,  and  about  33  days,  in  length. 


*  lisin  axe  giTta  in  tbat  of  loQgitnda  IdO*  K. 
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Of  these,  the  first  is  evidently  the  fundamental  period,  and  the 

others  are  probably  its  multiples, *  I  have  recently  examined  the 
variation  from  day  to  day  of  the  atmospberie  pre.^siire  for  Tok^'o, 
Gifu,  and  for  whole  Japan,  and  found  the  periorls  of4.0da3's, 
0.0  days,  and  31  days.  It  thus  seems  highly  probable  that  the 
different  periods  in  the  seismic  frequency  above  mentioned  are 
due  to  the  fluctuations  in  the  barometric  pressure.f 

Now  what  is  very  interesting  of  the  after-shocks  of  the 

Fornlo^a  eartbquakc  of  March  17,  1900,  is  the  regularity  with 
wbicb  strong  slioeks  liappened  bucces.-ively,  the  period  being  tbat 
of  y  days.  '1  bus  the  first  strt^ng  after-sboek  (Xo.  1  in  the  fore- 
going table)  took  place  on  Mtirch  20,  about  0  days  5  hours  after 
the  initial  violent  earthquake.  As  this  circumstance  seemed  to 
indicate  the  predominance  of  the  9-days  periodicity,  I  predicted 
the  possible  repetitions  of  strong  after-shocks  at  this  interval.  This 
was  practically  verified,  and  the  next  severe  shock  (No.  2) 
occuntd  on  April  1,  about  9  days  9  hours  after  tbc  first  (Xo.  1), 
the  strong  >li< cks  Xus.  3,  4,  and  5  being  regarded  a>  fonning 
a  group  with  No.  2.  Thus  the  inbabitanls  in  the  city  of 
Kagi  and  other  places  began  to  put  great  faith  in  the  period- 
icity of  the  recurrence  of  seismic  phenomena,  such  that  on  the 
night  of  April  13,  which  happened  to  bo  9  days  after  April  4, 
the  date  of  the  shock  No.  2,  many  people  anticipated  the 
occurrence  of  a  strong  disturbance  and  did  not  go  to  sleep.  As  a 
matter  of  fact  there  took  place  the  next  morning  two  \  cry  severe 
earthquakes,  the  time  interval  in  thiis  case  being  9  days  7.  hours. 


•  F.  Oi  M  n  :  "The  After-shocks  of  £artUqwik«K."  Jour.  Coll.  Sc.,  Iiup.  Univ.  Tultfo.  Vol. 

VU,  I'urt  >. 
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«/eAe  Ja^  Earihqmdie  InMtlgatioa  Committee,  No.  57. 
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The  earthquake  No.  7,  which  was  the  strongest  among  tlie  after- 
shocks,  apparently  restored  the  equilibrium  of  the  disturbed 
earth's  crust  in  this  part  of  Formosa*  there  being  no  subsequent 
severe  shock. 

Tokyo. 

January  1007. 


Digiti^uu  Ly  Google 


Comparison  of  the  Faults  in  the  Three  Earthquakes  of 
Mino-Owari,  Formosa,  and  San  Francisco. 

By 

F.  Omori,  Sc.  D., 
Member  of  tlu)  Jropeiial  Eiirtlitj^uake  luvostigatiou  Comuiittue. 

The  tliree  great  earthquakes  of  Miuo-Owari  (Central  Japan)  on 
Oct.  28,  1891,  of  Kagl  (Formosa)  on  March  17,  190G,  and  of  San 
Francisco  on  April  18,  1906,  were  each  accomimnied  by  the  forma* 
tion  of  remarkable  faults,  whose  total  lengths  were  about  100,  50, 

and  4'^)'"  re.>^pt'ctively.  Tlie  dislocation  in  the  San  Francisco  earth- 
quake Ava-s  formed  partly  along,  and  partly  I'tT.  tlu-  west  coast  t»f 
California,  belonging  to  the  category  of  longitudinal  fanlts.  The 
dislocations  in  the  Mino-Owari  and  Kugi  Oiirthquake.s  were,  on  the 
other  hand,  formed  nearly  at  right  angles  to  the  course  of  the 
Main  Island  (Nippon)  and  the  axis  of  Formosa  Island  respectively, 
both  belonging  to  the  category  of  transverse  faults.  Notwithstand- 
ing these  differences,  there  are  certain  similarity  among  the  three 
cases.  Thus,  in  eacli  earlhqnake,  the  direction  of  motion  at  dif- 
ferent places  in  tlu?  iniuiediate  neighl)ourl»uui.l  ul'  l\iv.  fanlt  was  not 
perpendicular,  hut  more  nearly  parallel,  to  tlu;  latter.  This  seems 
to  indicate  that  the  formation  of  tlu-  faults  w;t-  rnniidy  due,  in  each 
case,  not  to  such  actions  as  the  simple  falliug  down  or  sudden 
creation  o!  a  cavity  undeiiground,  but  to  the  existence  of  shearing 
stresses  in  the  plane  of  fitkctm-e,  possibly  of  two  opposing  forces 
acting  either  from  the  centre  toward  both  ends  of  the  fault  line,  or 
toward  the  centre  from  both  ends. 
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The  ac'coinpanyini<  ligure  is  a  diagrammatic  illiistratinn  of  the 
3  faults,  the  line  nb  iudicatiug,  in  each  case,  a  straiglit  lino  (say, 
load)  which  suffered  a  aheariog  movement  in  such  a  way  that  the 
part  b  on  the  depressed  side  was  displaced  to  the  new  position  b\ 
being  generally  transformed  into  a  curve. 

From  the  figure  it  will  be  seen  that  there  existed  in  each  fault 
what  may  lio  called  the  central  point,  where  the  disturhaiice  of  the 
ground  is  greatest  and  aliout  whicli  the  shear  and  depresssion  along 
the  line  of  dislocation  is  more  or  Igus  {symmetrical. 
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P,  Otnoh :  Coinp«riw>a  of  tlus  Faaltt. 


In  the  c of  the  Mino-Owari  earthquake  the  c;.Mitral  |»cjiiit 
was  in  the  vicinity  of  the  villiige  of  Mi  U>ri  in  tiie  Neo- Valley, 
where  a  very  remarkable  depression  of  tlie  groand  took  plaoa. 
The  con^eeponding  point  on  the  Formosa  fault  was  between  the 
villages  of  Bisho  and  Kaigenko.  In  the  San  Francisco  earthquake 
the  northern  half  of  the  fault  was  under  the  ocean,  but  the  central 
point  was  probably  in  the  vicinily  of  the  Tomales  Bay,  the 
greatest  amount  of  di.sLurbuiico  having  occurred  there. 

The  greatest  vertical  <h.slocation  of  IS  feet  oecurreil  in  the 
2^Iino-0\vari  t;arthquake,  while  tiie  greatest  horizontal  shear  occurr- 
ed iu  the  £jan  Francisco  earthquake.  The  latter  has  shown  a 
vertical  displacement  of  only  1  or  2  feet,  while  the  former  was 
aocompanie<l  by  a  large  horizontal  shear  of  about  18  feet.  In  the 
Formosa  earthquake,  wiiose  niagnitud*)  was  much  smaller  than  the 
other  two,  the  vertical  and  the  horizontiil  displacements  of  the 
groun<l  were  each  of  a  moderate  scale,  the  niaxinuiin  amounts  being 
»>  and     leet  re.-<pectively. 

The  maximum  vibratory  motion  in  the  Mino-Owari  rarth- 
quake  showed  a  tendency  of  being  directed  from  the  central  point 
towards  both  ends  ;  while,  in  each  of  the  two  other  earthquakes, 
the  same  motion  was,  as  far  as  can  be  ascertained,  directed  from 
one  end  towards  the  centre.  Again,  the  direction  of  the  max- 
imum (vibratory)  motion  was,  in  the  Formosa  earthquake,  the 
.same  as  that  of  the  shear  of  the  depressed  giuuhd.  lii  lln*  two 
other  earthquakes,  however,  the  reverse  was  the  eu^e.  Tlu  se, 
differences  are  probaldy  <iue  to  tlic  diversity  in  the  manner  of  the 
action  of  the  force  along  the  fault  plane  which  finally  produced  the 
dislocations. 


Digitized  by  Google 


Note  on  the  Transit  Velocity  of  the  Formosa  Earthquakes 

of  April  14,  X906. 

By 

F.  Cmori,  Sc.  D., 
Member  of  tbe  Imperial  Eftiibquake  InTestigatiou  Committee. 

The  time  of  ocenrrence  of  the  severe  Forrnosa  eartliqiiako 
in  the  rooming  of  April  14, 1906,*  has  been  exactly  observed  by  the 
present  writer  with  a  chronometer  watch,  at  Taichv  whose 
epicentral  distance  is  about  90*".  The  earthquake  was  also  satis* 
fectorily  registered  by  the  Omori  Horizontal  Pendulums  at  Tokyo, 
whoso  epicentral  dis.aiu'u  is  1710^*  or  15/4.  The  tiines^  of 
occ'um  ncu  at  these  two  places  were  us  follows  :  — 

(Tokyo  8''  iXr  MV  A.M. 

iTaichu  8  5l>   22  „ 

Difference     4"'  24* 

As  ihe  difference  of  the  epicentral  distances  of  the  two  placefc. 
is  1020^",  wo  obtain  a  nx'an  transit  veiiMuty  of  (1,15*'"  per  sec. 

>•  The  above  earthquake  was  preceded  by  another  shock  of 
nearly  an  eqnnl  extension,  whose  time  of  occurrence  observed  at 
the  Meteorological  Ohscrvatory  of  Taichu  was,  with  proper  time 
corrections,  4*  18"  20*  A.M.  The  time  of  the  same  earthquake 
registered  by  the  seismographs  at  Tokyo  was  4*  22"  20*  A.M.t 
From  these  observations  we  obtain  : — 

Time  difference  between  Tokyo  and  Taichu  =  4'"  ()'. 

Meua  velocity  ,,  =0.75'"  per  i^c. 

*8n  |M((t  SB. 

XTbeM  timw  «•  gicin  in  f  hut  of  lonf^tiHle  195*  E. 
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74  ^  -  ^uiori :    Velocity  of  ihv  FonU'isa  Earthquakes. 

Supiuihiiiji;  till'  Viihw  of  tlio  triiiir^it  velocity  given  in  $  1  to 
1)0  twice  as  accurate  as  that  given  in  §  2,  and  taking  the  mean,  we 
obtain  :  — 

velocity  =  6.35*"  per  sec. 
This  value  which  relates  to  the  distance  diffcrenco  between 
the  opiccntral  arcual  length  of  0/8  and  15.^4t  although  it  is  the 
result  of  calculation  by  the  di^crence  method^  is  really  tliat  calculated 
by  tlie  dtm-t  method,  as  one  of  the  plncos  taken  for  comparison, 
namely,  Taicim,  was  quite  near  the  earthquake  origin. 
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Notes  on  the  Valparaiso  and  Aleutian  Earthquakes  of 

Aug.  !/»  1906. 

By 

F.  Omori,  Sc.  D., 
Member  of  llie  Imperial  Earthquake  Investigation  Committee. 

1.  Jitfr04ft«fi«M.  It  is  a  quite  remarkable  fact  that,  on 
Aug.  17,  1906,  almost  simultaDeously  with  the  great  Valparaiso 
earthquake  them  was  another  large  shock  off  the  Alontian  Islands. 

As, will  he  seen  from  Inter  the  A'nlpnraiso  >linrk  oi-currcd  at  0* 
40"  05'  ((J.M.T.),  the  jipproxiiiitite  position  of  the  origin  heing  <f= 
31'  >  =  W.  The  other  earthquake  took  place  28"  21'  earlier, 
or  at  0''  11"  44'  (G.M.T.),  tlie  origin  being  approximately  at  ^=50*^ 
N,  ^^ITo"*  £.  As  will  be  seen  from  Fig.  1,  the  latter  position  is 
on  the  outer  side  of  the  Aleutian  Islands  arc,  where  the  sea 
bottom  quickly  descends  to  the  uorth  Pacific  basin  whose  depth  is 
over  7000  metres.  The  topography  of  the  vicinity  of  the  origin  of 
the  Valparaiso  earthquake  is  also  hiij;hly  rliaracteristic,  there  heing 
a  marked  contrast  iKtwccii  the  <lt[)ih  of  the  water  and  the 
elevation  of  the  mountains.  Thus,  there  is,  quite  close  to  the 
(foa.st,  the  C'hile  hasin,  where  the  wuter  depth  is  over  7(i00  metres, 
(Fig.  2),  while  the  peak  of  Aconcagua,  in  ihe  Andes, reaches  an 
elevation  of  6970  metres. 

The  Aleutian  earthquake  furnishes  an  instance  of  the  seismic 
manifestation  along  the  exterior,  or  convex,  side  of  an  arc  formed 
by  a  series  of  islands  or  mountain  chains,  such  side  being  generally 
nnieh  >{L(  })i  r  tliun  the  inner,  or  concave,  side.  Tin;  Japanoso 
iblauds,  the  Himalayan  mountains  and  the  two  iislandrj  of  Java  and 
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Sumatra  are  other  good  examples  of  tlie  relation  of  the  seismic 
activity  to  the  curvilinear  toiiograpliical  form.* 

S.  JSeinH0H  between  the  Vafpmraieo  «Nif  AJetitttm  Karth' 
iftutkem.  Tho  ciMitrts  of  the  (wo  eartlu^uakt's  of  Valparniso  ;ui<l 
Aleutian  Islands  are  separated  l>y  an  areual  rlistanei'  of  I'JCi"  oO', 
or  by  a  little  more  than  two-thirds  of  the  earth's  seuii-circuniference. 
The  interesting  feature  is  tliat  these  two  disturbances  were  no  in- 
dependent  phenomena,  but  were  simultaneous  manifestations  of 
seismic  energy  at  both  ends  of  the  great  earthquake  zone  extend- 
ing along  the  whole  Pacific  coast  of  North  and  South  America. 

The  latter  zone  la  indicated,  in  Fig  'A.  I  hy  a  line  marked  5  6, 

the  numerals  1,  2,  o  and  1,  indieating  the  approximate  positions 
of  tho  dirt'ereiit  preN  ions  earthquakes,  as  follows  :  — 

(1)  Alaska  Kai-thquakes  of  181)1)  an<l  11)00. 

(2)  Mexico  and  Central  America  earthquakes  of  1900 

and  1902. 

(3)  Panama,  Columbia  and  Equador  earthquake  of 

1900. 

(-4)  San  i""nui<  i en  eailhquake  ol  ]!»<•(>. 

6  and  0  indieate  respe(  t:\<  ly  llu  origins  of  tho  Aleutian  and 
Valparaiso  earthquakes.  Tlie  po^iition  of  the  centre  of  the  first  of 
the  last  mentioned  disturbances  is  near  to  the  Kurites  and  Hokkai- 
do and  may  be  regarded  as  the  approach  to  the  north-eastern 
part  of  Japan  of  the  great  seismic  activity  already  manifested  along 
tho  <.)ther  side  of  the  Paeific.  Tho  successive  oeeuiTcnce  of  hu-ge 
destructive  earthquakes  along  tiie  zone  o.xtonding  from  tho  north 

•  TIk'So  reLi'ions  hn\o  Ihhu  dis^ns  ed  in  d»ta.il  by  Ih-i  pffs^'ut  Author  ia  the  JirpitrU 
(jHi'an'  *«.')  r/  tlif  Imp.  K  irtUiniake  Inr,  Com.,  No.  49.   So«  aJso  tho  noxt  Artie!.'. 
FIj:*.  1  imd  2  aw  ba*^  on  "  Stillor  OECsn"  «ditcd  hy  S.  I'wnrie  (llamhuru). 
;TIU  ivn  lUght  inodification  «f  Fig.  2(>,  givoi  on  p»go  s  *,  (|  the  thMttiii,  Xo.  I. 
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Mediterranean  to  the  Iliiiiala^ as,  and  possibly  to  Formosa,  has 
already  been  noted  in  the  Ihtlli'tin.  No.  1.* 

3.  SH^mourntuH.  As  stat(  d  before,  the  Aleutian  earthquake 
oeenrred  nearly  half  an  hour  before  the  Valparaiso  earthquake. 
The  motion  due  to  the  latter  disturbance  was,  therefore,  in  the 
seismographic  records  partly  confused  by  that  duo  to  the  former. 
In  the  seismograms  obtained  at  the  different  Japanese  stations, 
however,  this  circumstance  ciuised  no  mistake,  as  the  commence- 
ment of  the  Valparaiso  earthquake  was  clearh'  indicated  by  the 
appearand*  of  ^uuiU  quitk  vibrations  usually  uiaikiti^  the  1st 
preliminary  tren)or  of  the  seismic  motion.  The  Vicenlini  seismo- 
gram  obtained  at  Manila  also  shows  clearly  the  vibrationa  due  to 
the  Chilian  eartliquake- 

I  have  here  to  express  my  thanks  to  the  Directors  of  the 
Observatories  of  Osaka,  Manila,  Ximeniano,  Querco,  and  other 
places,  who  have  kindly  supplied  me  with  the  copies  of  the  aeismo* 
grams  relating  to  the  two  earthquakes  in  qnestion. 

Most  of  (ho  ol>ser\ers  in  Europe  have,  in  the  analysis  of  the 
t^eisinogram?,  Jiii.staken  the  first  or  Aleutian  Eartliquakr  for  that 
of  Valparaiso,  the  only  exceptions  as  fai*  us  1  know  being  Padre 
Alfani  and  Pi  ofessor  Wiechert.  Padre  AL'ani  has  written  a  note  on 
the  results  obtained  at  the  Ximeniano  observatory,  giving  0*  58" 
16*  (G.M.T.)  for  the  commencement  of  the  2nd  (Valparaiso)  earth- 
quake.! Professor  Wiechert  gives  1*  IT  Z(f  (G.M.T.)  for  the 
corresponding  i  hase  of  motion  observed  at  Gottingcn. 

I  give  next  the  result  of  the  analysis  of  the  seismogi'ams 
obtained  at  Tokyo,  Osaka,  Manila,  and  Querco.    As  usual,  tho 

*  Seo  ai»o  next  Article. 

XTmSxa  AUatiit  ■*  Apponti  tal  Temmoto  di  Vatparnim."  RM»ta  dt  FMca,  Maimatita  e 
Sdenu  ItaturaU  (PaTia).  KOw  10. 190a. 
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^lobols  a,  2ft,  and  T,  will  be  used  to  denoto  respectively  the 
amplitude,  double  amplitude,  and  the  complete  period  of 
vibration.    The  timet  are  «/«-.rys  jiven  m  O.  ALT. 

ANALYSIS  Of  THE  SEISMOORAMS. 

4.    ObueratUtion  at  Mottgo^  Tokyo* 

(i)  BW  Component.  Fic.5.  PJ.XXIV. 

1*1.  XXIV  is  a  reproduction  of  the  K\V  Cornpoiieiit  diagram 
given  by  a  horizonuU  pendulum  set  up  in  tlie  brick  ' '  earthquake* 
proof  house,"  at  Hongo,  the  instrumental  constants  being  as 
follows* 

Period  (complete)  of  free  oiiciltation=28  B?e. 
Mttltiplication  of  titie  poitiier^  10  feimea. 
Weight  of  the  heavy  cylinders  14  kg. 

Leiigth  of  the  hor.2)ntal  strat,  (vr  the  clistanoe  between  the  centre  of  the 

heavy  cylinder  und  the  paint  of  support  — 1  metre. 
Vertical  distance  beuvoon  the  poin La  of  support  and  of  suspeusion=2.5 
metres. 

Meutian  Earthquake.     Commencement =0''  17"  20*. 

i'ldimimry  Tremor,    I)nratiou~5"  23'.    During  tiio  lirst  1"  5', 
the  motion  was  \-orv  small,  the  commcnooment  being  slightly 
uncertain: —   T=6.4  8eo. 

For  the  next  1"  55*,  the  motion  was  well  definedi  forming  the 
most  active  part  in  this  phase  :  — 

T—SJ)  fcec,      2a=0.;<5  mm. 

*  DtU  is  one  of  tb«  boiinonbil  pcndoltian  cowtruotKl  ia  1887,  which  has  hoea  refofivd  to  M 
^^«PItti»iin  in.  ttie  PiMkati«n»,  So.  6. 
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Tlie  subsequent  motion  was  smaller,  consisting  of  the  three 
following  sets  of  vibrations  :  — 


PrinapAl  Portion.  Coiijnjeneeiiient=0*2 :  "*  43'.  [1st  &  2nd 
phases.]  Duration =2'"  05'.  The  veiy  first  displacement  was  a= 
1.4  mm.,  directed  towards  W.  The  motion  was  as  follows  : — 

Daring  tbe  1  at  50  see  Tb25.0  b.,    2a=2.9  mm. 

next  l-  !5'  j2'=37.5  8..  2a«2.0mm. 

17"=  8.0  s.,   

[orcl  phase].  l)uration  =  2  '  oO'.  The  record  consists  entirely 
of  nearly  equal  pendulum  o.^cillation3  as  follows  : — 


Tlie  very  first  di^^placujnent  in  this  phase  was  a=4.o  mm.,  directed 
towards  W. 

[4th  phase].    Durationsd**  2' 


T=s  9.0  sec, 
r=  4.8  „ 
r=30.9  „ 


2as0.27  mm. 

(small). 

t>a=0.86. 


r«a7.1  sec. 


max.  2ai=t9.B  mm.  (2nd  vibration). 


T=20.a  see. 


2(Xb5.6  mm. 


The  subsequent  motion  was  as  follows  : 
( i  )   During  the  Ist  10*  (XT  :  — 


(ii) 


(iii) 


During  the  next  9*  16' : — 
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T=10.5  sec.. 

r=i8.7 


2a=:0.55  mm. 


..  =0.55 


(r=  8.3  ..  (small). 

Then  there  apjicured  the  coniinenceiiiont  of  the  2nd  or 
Valparaiso  earthquake. 

Valparaiso  Eaithqttakc    Cojiiiitiicornent  =1''  00"  55'. 

\st  rreUmimnj  Tremor,  I)uration=sl8"  58',  The  commence- 
ment ol  the  Valparaiso  eartliqualce  was  marked  by  the  appearance 
of  small  quick  movements  of  T^about  4  sec.,  mixed  with  the 
vibrations  constituting  the  end  portion  of  the  Aleutian  earthquake. 
T"  45*  later  on  there  appeared  again  some  small  movements,  of 
similar  sort  which  were  probably  the  soii^niic  motion  propagated 
along  the  major  arc  1m  twrt  II  (""bile  and  Tokyo.  The  elements  of 
motion  in  this  plia.<e,  which  partly  relates  to  the  vibrations 
belonging  to  the  Aleutian  earthquake,  were  a3  follows  :  — 


The  end  of  the  Ist  preliminary  tremor  was  not  well  defined. 

2nd  PreUmmar^  Tremor,  Commencement=l*  19*  53*.  Dura- 
tion —23*  36'.  During  the  first  G"  3'i  the  motion  was  comparative- 
ly  small.  During  the  next  3**  15',  there  were  C  regular 
vibrations  : — 


!r=32.5  sec.,      2a=0.85  mm ; 

mixed  with  tniall  movements  of  7'=',>.i>  ^;ee. 
The  subsequent  motit)U  was  as  follows  :  — 
( i  )   During  2"'  48',  the  motion  was  small  : — 


(ii)   During  59*,  there  were  2  slow  vibrations  : — 
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r=:2ii.5  sec,      2a=0.U  mm. 

(iii)   During  5*  47',  motion  was  small  :  — 

!rsll.8itec  ,      2a=0.9  mm. 
r=  8.7  „  =0.2  „ 

Then,  at  1^'  .'xS"  31\  th«  jiiotiou  became  again  somewhat 
more  active,  possibly  correspoading  to  the  propagation  along  the 
major  arc.  The  motion  daring  the  remaining  4*  43'  was  as 
follows  : — 

(Ts  1 1 .2  86 2a=0.42  miu. 

ir=  8.2  „   

The  end  ol  the  2nd  preliminary  tremor  was  not  well  doiiued. 
Principal  Partton.    Comn»encement=l*  43"  13'. 

(  i  )    During  tlie  Ul  b"  32'  :  -  - 

rr=  U.-2  8ec,      2ft  =  0.2 i  mm. 
^2  =  12.5  ..         2tt=0.*2.'i  .. 

(r=a7.7  „{?) 

(ii)  Daring  the  next  2*  44*  :— 

T=ii2.H  sec.,       2a=0.0  uiui. 

This  part  which  probably  coiTespontli  to  the  3rd  phase  of  the 
principal  poitioo,  occurred  at  1*  ol*"  45'. 

(iii)  Duriug  tliu  next  6"  o'o,  thcru  were  2  iiui.x.  groups  :  — 

ilst  group  DiJraljon=<>"' 40' ,*  7  =22  (5  sec  .  2a  =  2.35  lum. 
2nd  „   Dnmtion^a"*  5S*:    2  «2X.U  „  ,   2a^20    „  . 

In  the  minirauin  i)art  between  tha-je  two  maxima,  there  were 

small  viln-iitions  of  7'=1').J>  sec. 

(iv)  During  Uie  ne.\t  1 T  40* 

rs=  1 8.ri  bt'C ,      20= 0.74  mm. 
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At  miiiinuini  epochs  there  were  small  vibrations  of  T=ti.^  sec 
(  v)   During  the  next  22"  15'  : — 

T=  1 9.0  flee.,      Qa= 0.5  mm. 

Then  at  2"  36"  59',  there  took  place  two  well  detiued 
vibrations  : — 

T=2a.O  sec,      'jtt=0.7i5  mm. 

These  may  corredpond  to  the  3rd  phase  of  the  principal 
portion  propagated  along  the  major  arc.    For  the  next  4"  14* :— 

Thereafter  the  motion  consisted  of  quick  vibrations  and 
gradually  died  away,  with  alternations  of  maximum  and  minimum 
groups.   The  motion  during  the  subsequent  successive  epochs  was 

as  follows. 

(i)  During  6"  34* 

T=  16.4  BSC,      2a::=0.2G  mm. 

(ii)  During  rr  57':  — 

2  =  18.2  &ec.,      2a-0.29  mm. 

(ili)   During  5- IC: — 

Ts=  17.2  sec.,  2as0lmm. 

(iv)    During  9"  14* 

T=15.3  &ec,      2a  (smRll). 

At  3*  52"  2r  there  appeared  again  some  slight  slow  vibrations 
of  r=18.3  sec,  wivicli  were  probably  due  to  the  Aleutian  earth- 
quake, being  the  W»  motion,  or  the  repetition  of  the  motion  (3rd 
phase  of  the  principal  portion)  first  propagated  along  the  minor 
arc. 
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(ii)  Vertical  Component  Fig.e,  PL XXIV. 

Fig.  (),  Pi.  XXrV  is  a  re|wo<laction  of  the  diagram  given  by  a 
vertical  motion  seismograph,  wlioso  iiislrumeiital  constants  have 
been  givm  in  tlir  Ihdtdin,  No,  1,  lieinga.s  followsj  :  — 

Ltengtii  of  tbe  vortical  sjural  vpriiwH^l/i  mi>ire. 

Horizontal  clislaiicu  batwesii  the  centre  of  tbe  sLcady  mass  and  the  pivot 

=  1.2  metrf!. 

Weif;lit  of  the  benvy  lifjb  =  9  kg. 
!N'iitural  usril'utioM  prrioi.=  5.0  sec. 
Muiiipiication  of  tbe  poii!tcr=:  12. 

Aleutian  Earthquake.   CoiTimencementsO*  17**  11'. 

l^rc-iniiii'irtf  Tremor.  i)urdtiun=5"  33'.  The  motion  began 
with  quick  movements,  tlie  vibrations  during  tbe  successive 
epochs  being  as  follows. 

.  ( i )    1"  5'  '/'=3.3  sec,       2a=0.05  mm. 

(ii)  2"  20*   Motion  was  active  : — 

tT^9A  sec,      2a=0.09  mm. 

(rs3.6  (siDftll). 

(iii)  2"  tt'  Motion  was  small  and  nearly  uniform  :  — 

7s3.5  aec.»      SasQ-OS  mai. 

Pfineipal  Portion.    Commenc()ment«0*  22**  44*. 
I'or  the  first  2""  40'.  tlio  motion  was  small,  but  there  were  traces 
uf  some  slow  vil>ration.s  :  — 

(r=2-2.B  sec,   

\t=  4.7  2rt=0.09  mm. 

Then  set  in  the  slow  vibration  epoch,  the  motion  being  most 

marked  lor  the  next  G"  30*,  as  follows  :  — 


04  F«  Onori : 

( i )  1"  8'.  There  were  2  slow  movements  : — 

{2*=  34.0  BSC.      2a=£0.l9  moi. 
T=  4.0  „  (small). 

(ii)  1"  ir  There  were  3  well  defined  Aibrations  : — 

T='28.7  sec.,       •2(7  -0/22  mm. 

(iii)  4"  8*  The  amplitude  gradually  decreased  : — 


fTs=a0.7  Bee.,      2a=0.17  mm. 
iT=12.4  „   

The  subsequent  motion  was  small  and  regular,  the  vibrations 

dui'ing  tlio  successive  epochs  being  as  follows  :  — 

(i)  5"  5*  r=2l.8soc.,       'i  =  10.9  sec. 

(ii)  2    9   T=1G.1 

(iii)  1  50   r=ii.o  ,. 

(iv)  3  89   r=lG.9  „ 

(v)  9  54   5r=U.7 

Valparaiso  Eai  thqitake.   Commencements  l'^  00"  34'. 

\st  Pr.ltiiiiii'inj  Ti-'Uho-.  Duration  =  aiK»ut  18".  The  cnm- 
mencemeut  of  the  Val])arais»>  earthquake  was  indicated  by  the 
appearance  of  small  quick  vibrations  : — 

7^3.5  Bee,  2a^0.12nim. 

These  vibititions  existed  more  or  less  throughout  this  phase  of 

nidtiiin.  There  were,  however,  i-oiiie  increase  in  amplitude  at  (J* 
35'  after  tlie  coniniencenicnt  of  tiie  earLliquake,  due  probably  to 
the  propagation  along  tlie  major  arc. 

Frelimimrif  Tremor.    The  motion  now  consisted  entirely  of 
slow  vibrations,  as  follows  : — 

( i  )   During  the  first  7  "10* :  1=^=11.1  sec. 

(ii)  next  7"  2^' :  r=  11,2  sec. 
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3rd  Phase  of  the  rrincijial  I'ortioii.  Coinnienccnient  =  1*  52"  18*. 
The  motion  began  with  slow  vibrations  of  T'=2G.8  soc,  w^iich 
were  comparatively  small  during  the  first  3"  7*.  During  the  next 
9"  25',  the  motion  was  most  active  : — 

Fortbelfit8'*44':---Ts22.4Beo.,  2as0.046mm. 
l(ii)  ,.»iext5"4lT— r=19.2  „        2a=0.05  mm. 

The  subsequent  motion  was  smaller,  the  T  buing=17.i  sec. 

(iii)  £W  Component.  Fig.  7,  Pl.XXY. 

Fig.  7,  PI.  XXV  gives  the  earlier  part  o!  the  £W  cM>mponent 
of  the  Aleutian  earthquake  as  recorded  by  a  duplex  horizontal 
pendulum  apparatus*  in  the  Seismological  Institute,  whose  instru- 
mental constants  are  as  follows  :  — 

Period  of  free  oscillation =-41. 5  sec. 

Multiplicatiou  of  the  pointer =30  times. 

Weight  of  the  heavy  cyliuder—  K-qin. 

Length  of  tbe  boriz  ntal  stnit=0.7a  liiutrci. 

Vertical  distance  between  the  points  of  support  and  of  saBpenaion 
=1  metre. 

dietitian  Earthquake, 

rrcliiiiimn-if  Tremor.    Duration  =  5''  5'.    The  very  1st  displace- 
ment was  well  marked,  being  u=0.01  mm.,  directe<i  toward  W. 
For  the  next  1"  3',  the  motion  was  small : — 
Tb5.0  sec,      2as0.05  mm. 

Then  the  motion  became  suddenly  large,  commen<-ing  with  a 

displacement  of  «=().25  nun.,  toward  W,  followed  by  tbe  counter 
motion  of  2a =0.43  mm.  toward  E.  During  the  ne.vt  2',  T  was 
8.8  sec. 


•  TU*  la  A  pOKtefak  form  iagfarnowni  described  ia  the  PMkatioM,  No.  la 
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F  Oaiori: 


Priapal  Portion,   The  motion  became  much  larger,  the  4  initial 

displacements  being  as  follows  :  — 

( i )  a=0  '25  mm.,  t<iward  W. 

(ii)  2a=0.78   „  » 

(iii)  2a=1.72   „        „  W. 

(iv)  2a=2.57   „       „  E. 

Then  the  pointer  went  out  of  the  smoked  paper,  toward  W* 
The  period  of  these  vibrations  was  31.2  sec.,  there  being  also 
some  small  movements  of  7=9.3  sec. 

Laltjr  on  the  pointer  again  ent(;retl  on  the  smoked  jmper, 
recording  the  end  portion  due  to  the  Chilian  earthquake  :  — 
2*^16.4  aec. 

(iv)  NS  Component  Fig.B.  PI.  XXV. 

The  record  was  taken  hy  ;i  lonir  period  hori/.oiilal  }HMi<lulum 
set  up  in  the  "earthquake-proof  hou.se,"  wliose  iuatrumental 
constants  ;irc  as  follows 

Yextical  distance  between  tbe  pjinte  of  suspension  and  d  sapport 
as2  metxeB. 

Effective  length  of  the  sirat,  or  the  boriacmlal  distance  between  tbe 

point  o£  support  and  tbe  steady  axissl  metre. 
Weight  of  tbe  heavy  bobs=:46  kgui. 
natural  oscillation  periodss48.5. 
Multiplication  of  tbe  pointer=20. 

^Aleutian  Earihquake* 

Prdiminary  Tremw.    Duration =5*  19*.    The  commencement 

is  well  defined,   the  iniiiai    dispIaeHmeiit  being  <(  =  0.0G  mm., 
toward       For  the  first  1""  T,  the  motion  was  small  :  — 
Tss  5.1  sec,      2fs0.0ti  mm. 
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Fig.  1.    Aleatian  Islands  and  the  Surrounding  Seas. 


PL.  XXII. 


Fig.  2.  Showing  the  Depth  of  Water  off 
the  WMt  CoMt  of  8.  Americft. 


In  Figu.  1  and  2,  the  earthqnake  origini  are  in  each  caae 
indicated  bj  a  ■liort  thick  line. 

Linea  marked  0,  1.  2,  7  are  the  linee  of  eqaal  depth 

of  200, 1000.  2000,  and  7000  metrei  reipeoUvely 


Fig.  S.  Map  showing  the  Approximate  Podtioni 
of  the  different  Great  Earthqaakei  which  took  plaoe 
along  the  West  Coaat  of  America. 
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Kg.  7.   Aleutian  Eq.  of  Aug.  17, 1906. 

N.  8.  Componeut.    (ObBor»ed  ia  To^JOk} 
Pendulum  Period— 48,6  wo. 
Knltiplioatioa  »  20. 


\  I 


1 1 1.^ 


Fig.  fe.   Aleutian  Eq.,  Aug.  17,  1906. 
(ObsesmdtiL  Tokyo.) 

KnllililtaAtioa-SO. 
Fandidain  Pariod-il^fi  aee. 
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r=20.3  sec,       '2a=0.U  mm. 

Then  the  motion  became  larger,  the  two  first  movements 
being  as  follows  : — 

( i )  a  =  0.24  mm,  toward  S. 

(ii)  2a=0.38  „        „  N. 

The  Tin  the  subsequent  part  was  7.9  sec.,  there  being  also 
some  small  vibrations  of  Z*— 3.0  see.,    T=:18.4  sec. 

Prifusipal  Portion.  For  the  first  1"  40*,  the  motion  was  small 
comparatively  and  had  a  period  o!  T— 30.7  sec.,  the  three  initial 

displacements  being  as  follows  : — 

^(i)  a  =  0.13  mm,  toward  S. 
hi)    '2a=h3  „  N. 

((iii)  2a=lA    „       »  8. 

At  the  end  of  this  epoch  there  took  place  a  vibration  consist- 
ing of  the  two  following  displacements  : — 

-T  =  2.2  mm.  toward  N.j  y^gg^g 

2a=0.35  „        „  S.) 

The  next  motion  was  still  greater  and  the  pointer  went  out  of 
the  smoked  paper,  toward  N.   Later  on  the  pointer  again  ent^d 

on  the  i?moke(l  paper,  the  vibrations  in  the  end  portion  of  the 

Chilian  eiiiih'jHitke  being  an  follows  :  — 

'T--=  I'J.G  sec,  2as0.55  miD. 

|r^l5  3  2a=0.20 

ir=l0.4  „  3a=0.05  „ 

ir=22.9  »  (small). 
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F.  Otnori: 


(i)  £W  Component.  Fig. 4,  PLXXUI. 

The  record  was  token  by  an  Omorf  Horissontal  Pendolam 

Appaiatus  of  portable  foriii,  \v]io.>5e  inslruiiR'Htiil  coiisitants  ai*e  us 
follows  :  — 

Vertical  distance  between  the  points  of  suspension  mid  of  support 

=86  cm. 

Length  of  the  horizontal  strut =44  cm. 
Weight  of  tb.;  lu  avy  hob=16  kgm. 
Pcriod  of  the  free  oscillations 27  sec. 
Multiplication  of  the  point«r=20  times. 


AUiiiian  Earthquake.    Comiiienceinent=0''  IC"  52'. 

Ptdimimry  Tremor,  Duration— 5"  36'.  The  motion  began 
quite  Rharply,  the  initial  displacement  being  0.04  mm,  toward  W. 

iJunng  Ihe  first  1"  0',  tlic  motion  was  small  :  — 


Tlio  subsequcut  motion  cousistcd  of  several  sets  of  vibrations, 
as  follows  :  — 


Prhictpal  Vorlion.  The  two  initial  dis^placenjenlib  were  as 
folio wa  : — 


T==S.5  sea. 


2(»ss0.055  mm. 


2a=0.08  „ 


2a=:  0.055  mm. 
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NolM  on  tba  TAlpnyao  and  AkotUn  Etefhtoakaa. 

During  the  first  2"  20\  the  motioa  was  small : — 

rss37i»  aec,      2as3.3  mm.  (Pend.  Oaoilua?) 

For  the  next  5"*  22',  the  motion  consisted  of  11  gradually 
increasing  pendulum  oscillations  :  — 

T»a8.4  sec,     2ass  11.2  mm.  (lOth  vibta4{on) ; 

Tlie  Ist  vibration  being  as  follows  : — 

j(  i )    a = 1.35  mm,  towud  £. 
i(ii)  2a«8.05  „       «  W. 

The  subseqaent  motion  became  suddenly  smaller,  the  vibra- 
tions doling  the  successive  epochs  being  as  follows  :— 


(i)  BS'. 


r=l9.'2  sec.. 

2ass2.15  mm. 

r=35  „ 

T=20.4  sac.. 

2a =0.78  mm. 

r=i5.o 

2a=1.25  „ 

.r=io.8  „ 

2a=0^  „ 

r— 16.1  Mc, 

2a«s0.63  mm. 

Tb15.9  860., 

2as:0J2S  mm. 

r=ii.9  „ 

2aas0.18  „ 

(iv)  12"  02*  

Then  there  nppearod  the  earthquake  motion  due  to  the 
Valparaiso  disturbance. 

Valparaiso  Earthquake.   Commnecemeut:^!''  00"  15'. 

l«f  Prdimimnj  Tremr,  Dunition»15"  48*.  The  commence- 
ment is  well  marked  by  the  apix  arance  of  small  regnlar  vibrations 
of  r=2.4  sec,  ^su^)('l•])osL'd  hy  the  lullMwiiig  moveraonls  :  — 

j     7=13.5  sec.,      2a =0.21  mm. 
l(?)  r=  a.3  „  (smaU). 

At  1*  09*  47',  or  9"  32*  after  the  commencement  of  tliis  phase, 


90  ^«  Ouofl; 

tlierc'  wns  ngain  scmio  sli^lit  ])re(l(>n}innncc  of  quick -viltrations, 
which  10  probably  the  major  arc  propagation,  the  niovcments 
being  as  foUows  : — 

jTsl5.$  sec.»     3as:0.l4  mm. 
lr«  8.9  „ 

2nd  Prdivwuiri/ Tri'wor.  {;(niimt'ii€emt'iit=l''  IG"^  O:!  .  Dura- 
tion ==24"  25'.  During  the  fii*st  0"  3",  tlie  motion  was  as  follows  : — 

!7s  12.0  eec.,      SasO.lS  mm. 
r=  8.0  „         »,=0.09  „ 
Ts23.8  ,,=0.22  ,. 

there  being  at  lir.st  traces  of  3  s^low  (tloul»tful)  iiiovciucnt.-^  of  7'=2" 
17\  Tlien  tlio  aniphtudo  slightly  increased,  there  being,  during 
the  next  3"  5',  5  vibrations  : — 

TaSTOsee.,  2a=0.33mm; 

these  were  mixed  with  small  vibrations  of  T=:10.9  sec.  For  the 
next  3"  307,  the  motion  was  small : — 

(Tae  12.4  sec,  2(»=0.075mm. 
|T«  88.2  sec.,-  (8ma11)i 

For  the  next  2**  38'  Uiere  appeared  again  5  large  vibrations 
Ts81.7  sec.,      2a«0.85  mm. 

During  the  remaining  6"  28',  the  motion  was  smaller- 

/7B27.7  8ec.,  2aB0.14mm. 
7=10.0  2a=0.12  „ 

r=sl2.4  „        2a=0.07  „ 

Principal  rortion.  Corumencement=l*  40"  24%  [1st  and 
2nd  phases.]  Duration— 13"  53'.  The  motion  began  with  2 
slow  vibrations  : — 
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Soten  on  the  V&lpanuiO  and  Aleutinn  E&r(hqa«k««.  9 1 

Ts=55.0  seo..    ■  90:^0.18  mm. 
The  subsequent  motion  was  smaller  :  — 

r=s  19.1  nee..     Qa^OSSB  mm. 


7-10.4  2a-!0.09 
?)2^»e7.4  ,.  *  I  , 

[3rd  phaac,  etc.]  Coiumoncement=sl*  i^l"  21'.  The  motion 
was  most  active  for  the  first  7"'  &  : 

TUas.Saee.,      2as  1.29  ami. 

j  .  ,  ,  , 

■  The  j.ul)scM][uent  motion  was  smaller,  the  vibrations  during  the 
successive  epochs  being  as  follows.  .  ; 

r=  18.3  sec..  2a=0.28a»n. 


(i)  For7"32*:-{  ^=>«^-v 


(n)  .  For  tiie  next  4*  55*,  there  was  a  Tnazimum  group  : — 

r=17.4aec.,      2a=0.M  mm. 

(iii).  For  jthe  next  7"  55%  the  motion  was  nearly  uniform  : — 

!Tsl7.4  sec.,      2as0.86  mm. 
T«15.9  ...  ^0.11  „ 

During  the  next  26"  30',  the  motion  was  more  or  less  aotiye 

aod  oomf^rised  a  series  of  maximum  groups,  which  occurred  at  an 

average  interval  of  4"  48';  the  elements  of  motion  in  the  sucoes^ve 

maxima  being  as  follows  : —  . 

f7»20.3  sac,  2o=0.36  mm. 

lat  max.  woan,  \_  ^  ^^^^ 

*     *^  lr=12.8  „   2a= 0.075  „ 

fr=22.7  „   2a =0.44  mm. 

**    /'  ^   |r=17.8  „   ...... 2a=(saian). 


(r=23.8   2o=0.30inm. 

"       "  Ir«l8.8  M  .i....2a=0.10  „  . 
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F.  OinoKtt 


 C 

rrB20.8 
 (r=i4.4 

fr=2l.l  sec  2a^Q. 

^*    "   lr=iG.o  .=  ( 


4t;h  nuuc.  group 
$1»b     ,t  ft 


TbIQJ  aeo.,  2a»0.43  lum. 

r=16.5   i2i*=0.1ft.., 

7^20.8  866.  2as0.80  „ 

„  =  (small). 

2u,==0.30  mm. 
(smull). 


It  will  be  observed  that  in  each  maximum  group  there  were 
esBentially  two  sets  of  vibrations,  one  of  which  formed  the  pre- 
dominating constituent,    while   the   other   occurred  only  at 

minimum  epochs  ;  the  periods  belonging  to  tliese  two  sets  being 
as  follows  : — 

rrs20.3  «ec.  /T=\2S  aeo 

22.7  I  17.8 

23.8  I  18.8 

(A)   liarger  vib.   ^    (B)   Smaller  vib.   <  . 

*     19.7  j  16.5 

20.8  I  14.4 

21.1  V  16i} 


.81.4  mean  14.7 


The  mean  value  of  the  (A)  periods  is  21.4  sec.,  while  that  of 
the  {B)  periods  is  16.7  sec.,  (with  the  single  exception  of  T— 12.8 
sec.).  The  difference  between  these  two  means  is  4.7  sec, 
cozreponding  probably  to  the  fundamental  period  which  I  have 
denoted  by  P,.* 

The  subsequent  motion  was  much  smaller  : —  r=lG.5  sec. 

(u)  Biagntau  firom  a  Horisoiital  Ireittor>rec<»dflr. 

The  twe  earthquakes  have  been  registered  also  by  a  small 

Omori  Horizontal  Treraor-recoder,  which  was  originally  designed 

•  Tba  l>taiiciuiaiitt  2(os.  5.  IS,  21,  ttc 


Notes  oa  the  Valparaiso  and  Aleafiaa  Earthquakes. 
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to  record  small  local  shocks.  Each  of  the  two  horizontal 
component  pendulums  has  a  boh  of  16  kgm  weight,  and  an  oscilla- 
tion period  of  about  2  sec. ,  the  multiplication  ratio  being  45.  * 

The  times  of  commeDcement  of  the  Aleutian  and  the 
Valparaiso  oardiquakes  as  recorded  by  the  tremorrecoxder  were  0* 
17"  17*  and  1*  Ol"  08'  (G.M.T.)  respectively. 

N8  ComjjtemaL 

dietitian  Earthqnake.  The  preliminary  tremor  Insted  5°*  ;>0\ 
during  which  the  motion  was  most  active  and  consisted  of  the 
following  vibrations  : — 

rB5.4  „        „b0.0»8  „ 

The  movements  duriug^tho  earlier  parts  of  the  principal  por- 
tion were  as  follows  : — 

(i)  For  the  Ist  2-37- 

TszZA  fleo..      2a— 0.04  mm. 

(ii)  For  the  next  2"  59' : —  there  were  6  slow  and  nearly 
uniform  vibrations  mixed  with  quick  ones  : — 

frs29  8  fleo.,  2a»0.023  mm. 
Tsr  5.3  „  „s0.029mm. 

The  subsequent  vibrations  gradually  diminished  and  were  as , 
follows : — 

T=  13.8  8ec.»      2as0.032  mm. 

Valparaiso  Earthquake.    The  commencement  was  indicated 
by  small  vibrations  of  T»0.92  sec 

•  TldsiieneUyitnilitrtothsiiutttnaciitvbMhlb^ 
tb*  ody  Dodiflottka  bdiig  tba  ON  «t*  ciyliiidar  for  tlM  t^cta^mtiVKdtM. 
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F.  Oowii: 


EH'  (Jompoitent. 


Aleutian  Earthquake.    'J'he  preiiniiuary  Tremor  : — 


2a«a0.067  mm. 


The  movements  m  the  successive  parts  of  principal  .portion 
were  as  follows  : — 


V(iv)    ;h  50      r=l7.7  .. 

The  motion  in  the*  £  W  component  was  mach  smaller  than  in 
the  NS  component.   This  may  be  dne  to  some  inequality  in  the 

friclioii  exisUiig  bctweeu  parts  of  the  two  horizoutal  peiiduluiui?. 

Valparaiso  Earthquake*  During  the  first  55  sec,  the  motion 
was  small.   Then  the  vibrations  became  most  active  : — 

r  y>  .Tss2.Qeec,      2(( 80.033  mm. 

9"*  10*  after  this  maximum  there  wa>  another  slight  one,  wliich 
may  correspond  to  the  major  arc  propagation.  \ 

■     '      '  •      •  -  ■        r  t 

6.'  h^mrvmiimt  mi  MmMm.  PL  XXVI.  ENE-WSW  Coinponeut. 

The  record  was  obtained 'by  a  Vicentini  stismogiaph.  In  the 
following  analysis,  the  amplitude  is  given  unreducaly  or  not  divided 
by  the  multiplying  ratio  of  the  pointer.  ' 

Aleutian  Earthquake.  Coinmcncei)iyiit=0*  20"  42'.  For  the 
first  5"  49'}  the  motion  consisted  of  quick  vibmtions  :  — 


i )  For  the  Ist  1»  49* T-s  5.0  sec.,  2(»b0.022  mm. 

ii)  „     ..next 2  02  :— Ts30..<)  „      2o=  (Saiall). 

iii)    2  12      T=«22.0  .. 
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!r=2  4  sec,       2a  =3.5  miu  ([>enijiiluiii  oi3cil!ation)L 
r=4.8  ,. 

For  the  next  5"  14* :— 

r«  3.8  sec,  2a=1.5niiii, 

T=  2(5  .,  ■    ■  2a  =  1.0  „  "  '  "  ' 

T-  7.9  ,^        2a=2.0  . 
(?)  T=20.8  „ 

fMiereafter  the  quick  pendulum  mdveinenfs  gradually  d^eas- 

ed,  till  tho3'  disappeared  at  0*  38*  20'  ;  the  principal  vibrations 
being  as  follows   ' 

r=sU.2'8ec.,     2a  =1.4  mm. 
lT=  4.7  (unaU) 
For  the  next  8"  26* 

fr=11.4  8eo.,      2a  =  1.0uim.  •  • 

lr=  7.5  „         2o=  (small.) 

For  the  next  5"  4* : — 

rr=204Bec.,  2a»0.9miii. 


rr=204BeG 
iT=  9.8 


(811ttll]l 


Then,  at  0^  51"  40*,  there  took  place  3  well  defined  slow 
vibratioDS 


.-  T=20.,9  Bec.r      2a=1.5  mm. 

Tho  subfeetiueut  motion  was  smaller  :  — 

!Tbs  17.2  sec.,  2a=  1.0  mm. 
7all.8  2asl.4  » 
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F.  Omori: 


Valparaiso  Earthquake,  CommencemeiiL- 1*  00"  15'.  The 
cominencomont  was  marked  by  the  appearance  of  quick 
vibratioDSi  the  motioa  being  small  for  the  first  1"  6'.  Then,  at  1* 
01"  21',  there  appeared  most  active  quick  movements,  which 
remained  nearly  uniform  lor  the  next  4"  33' 

7=5.7  BSC.,      2as2.4  lum. 

The  quick  vibrations  were  indicated  distinctly  till  about  2* 
19^,  and  sligjitly  till  2*  29",  there  being  superpositionfl  of  slow 
movements : — 

T=^Ji  sec,  2a=2.0  mm. 

rsB5.3aec.;  7.4  sec.;  11.6  sec.;  14.6  boo. 

At  1*  07"  06'  there  was  some  increase  in  the  amplitude  of  the 
quick  vibrations  (max.  2a=2.0  mm.),  which  were  probably  the 
major  ans  propagation. 

7.    €PiMrr«fiM*  of  thm  Qu€ree  Obmervaior^  Jloretiee;  The 

following  is  u  nolo  on  the  lithographic  reproduction  of  the 
diagrams*  obtained  at  the  Qucrco  Observatory,  Florence,  by  a 
pair  of  Stiattesi  Horizontal  <  Pendulums,  whose  instrumental 
constants  are  : — 

Maltiplication  of  the  poixiter=25. 

Weight  of  the  heavy  mass^SoO  kgm. 

Mean  velocity  of  the  record-receiver =97  cm.  p;^r  bnur. 

(Complete)  period  of  ixQQ  pendulum  03cillatloii=  1^.6  sac. 


Notes  OD  the  Valpuaito  and  Alentiiuk  J£utbqii«kei. 
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Meutian  Earthquake.    Commencement=0*  24"  00'. 

mV-SE  CompotttHt, 

Ist  I'nllviinarij  Trcmoi\    I)uruti()n=10"'  53'. 
The  iiiotiuii  con^ipted  of  small  uuifonn  vibrations, 
2n<\  Vrdimimry  Tremor.    Commencement" 0^  34"  63','  Durar 
tion=ll"  41':  — 

r=  17,3  sec.,      2as=  0.^  mm. 

Principal  Portion.    Commencement— 0^  46*  34*.    [1st  and  2nd 

phases]  ])uration=13"'  30*.  For  the  firt^t  7"  47',  the  motion 
consisted  of  slow  vil»rati<iiH  :  — 

r=3G.O  Bee.,      2o=0.36  mm. 

Then  there  set  in  laige  pendulum  oscillations,  which  continu- 
ed till  2*27",  thereby  confusing  the.  movements  due  to  the 
WLparaiso  earthquake.   These  oecillations  were  as  foUows  : — 

T=18.1  sec.,      2a=0.U  mm.  (peud.  osciilation). 

NE-ti  / 1 "  Component . 

In  this  component  diagram  the  pendulum  oscillations  were 
much  smaller  than  the  other. 

\st  Prdimimry  Tremor,   Duration^lff"  32*. 
The  vibrations  were  very  small. 

2nd  I'nli'iiiiKtrii  Tremor.    Duration=  12""  (V  :  — 
r=  9.7  sea.,  'ia^O.XO  mm.i   2'=:  U.6  ssc. 

9.    fifinimarj/  of  thv  Ohn^vnfimm  of  the.  MetUiatt  f^kirth' 
Quake.    The  moan  values  of  the  thtTi  rent  periods  of  vibrations, 
which  occurred  at  Tokyo,  Osaka,  Manila,  and  Querce,  are  given  in 
-the  following  table,  the  periods  most  frequently  occurring  being 
printed  in  fat  chaancters. 
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Periods  of  Vibration. 


Tokyo. 

(EW) 

ww%  % 

Tokyo. 

(Vertical) 

Tokyo. 

(XS) 

Osaka. 

(EW) 

lL.oordoi. 

Manila. 

Q  nerce. 

Mean. 

MC. 

aec. 

MC 

MO. 

/1.9(peo*i 

sec. 

sec. 

3.5 

l2.3  o«cl.) 

2.9 

4.7 

4.6 

4.5 

5.0 

5.5 

4.8 

4.7 

(5.1 

8.6 

9.4 

8.2* 

'j.7 

1.9 

10.7 

11.5 

10.6 

11.5 

11.1 

la.  8 

13.8 

isi* 

16.5 

1H.4 

15.9 

17.7 

17.5* 

l7.7(p.o.)* 

17.4 

20.3 

20.0* 

20.7* 

20.3 

22.3* 

22  0 

22.2 

'26.1* 

23.5(p.o.)* 

27.3 

30.9 

30.7 

30.2 

30.6 

86.0* 

84.0* 

33.8* 

UA 

86.0* 

34.S 

ll  wiJl  be  seen  from  the  above  tal)le  amongst  others  that  the 
(mean)  j)eriods  of  4.7  set-..  <S.8  sec,  11.1  s<'e.,  17.4  see.,  20.3  sec, 
22.2  sec,  3U.(>  sec.,  and  ;>4.8  see,  oceurred  at  Tokyo  as  well  as  at 
one  or  more  of  the  tliree  other  plaeos,  namely,  O.saka,  Manila,  and 
Qaerce.  (See  also  §  15.)  The  Tokyo  records  indicate  tliat  there 
was  no  special  difference  in  the  periods  of  vibration  between  the 
horizontal  and  vertical  movements. 

In  the  following  table  are  collected  the  times  of  eai  th(|uak6 
occummce  at  the  above  nientione*!  four  plaee.s,  and  at  2.5  other 
stations  :  the  data  relating  to  the  latter  having  been  taken  from 
the  monthly  or  weekly  rejiorts  published  by  the  different 
scismological  ob.servatories.  In  a  few  eases,  the  time  of  occurrence 
of  the  2nd  preliminary  tremor  and  the  duration  of  the  1st 
preliminary  tremor  are  also  given. 

•  Tho  periods  of  the  pred.>uiinUitt;,t  \ibra'ionj  arj  Uiurku  l  wstU  a*Urisk4. 
(P.O.)  flincln  the  pendatuin  o(«i!latioju. 
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OBSEKVATION  OF  THE  ALEUTIAN  EARTHQUAKE. 

{Time  ia  G.M.T.) 


Foaition. 

Time  of 
occunence 

Lon'^tade. 

1 

M 

£ 

0* 

11" 

44' 

Tnkvn 

■36*42  29 

139'45 

'53' 

'E 

0* 

17" 

16* 

'34  42  — 

V 

J.' 

13: 

31 

0 

l(i 

52 

iXilZUSftW&  

39  08  — 

1U07 

-- 

0 

16 

57 

"T*!!  Ill  nil  ii#y_±wlJLJl_L  L  t 

85  02  — 

N 

121  30 

— 

1: 

0 

20 

07 

^1 Q  ■  V 1  la 

14  84  41 

N 

120  58 

33 

E 

0 

20 

42 

Zikawei  

-Si  11  33 

N 

121 10 

45 

E 

0 

19 

59 

J^rivclojr          . . . 

37  52  24 

N 

12: 

1 15 

1 1 

w 

0 

18 

00 

3o  54  18 

N 

77  03 

Oij 

w 

GottinfTeii 

■51  33  — 

X 

9 

58 

E 

0 

23 

43 

48  35  00 

^* 

7 

46 

10 

E 

0 

23 

01 

49  28  55 

N 

5 

58 

44 

E 

0 

23 

OS 

t  111  O  iL  tVftft.  tl 

47  22  29 

N 

19 

03 

55 

E 

0 

23 

34 

47  52  *i4 

N 

18 

52 

33 

E 

0 

22 

42 

15  48  64 

N 

15 

58 

48 

E 

0 

23 

23 

V 

x> 

U 

08' 

0 

23 

23 

46  03'  — 

N 

14 

31' 

E 

0 

23 

87 

18  15'  — 

N 

Ki 

22' 

E 

0 

22 

41 

15  a9'  — 

^' 

13 

46' 

E 

0 

23 

25 

TiflLs  

n  13  OS 

N 

14 

47 

51 

E 

0 

00 

54 

11  51  ~ 

N 

13 

23 

OS 

E 

0 

23 

45 

Achalkalaki  — 

11  25  — 

N 

13 

29 

09 

E 

0 

23 

49 

UpSil  I  

5f)  51  30 

N 

i7 

37 

30 

E 

0 

22 

00 

Beljirad   . 

11  48'  — 

N 

20 

09' 

E 

San  I^rnando 

(Spain)  

3(5  27  40 

X 

0 

12 

19 

W 

0 

2S 

24 

lo  41)  — 

X 

34 

E 

0 

23 

21 

Oauts  OliMratorj 

ai 

(Fhdid^r)  

56  51  — 

N 

4 

25 

W 

0 

36 

QoecoB  (Floranoel.. 

48  47  18 

X 

1! 

1(3 

42 

E 

0 

24 

00 

ZiiiiMilaao(  »  )... 

43  46  40 

1 

N 

LI 

15 

24 

E 

0 

24 

00 

1  imt!  ui 

comiiioncfl- 
mc^nt  of  2ad 
P.  T. 


0  32  30 


0  32  55 
0  34  06 
0  37  36 


0  35  30 


Dntatioaol' 


(Tot*l  P.T.) 
5-  20* 
5  36 


8  47 
13  33(?) 


0  32 
10  31 


11  30 


*  Tba  poaitioa  oi  tbn  origin  Liw  U-va  dttieriuiaed  bjr  luethod*  girM  w  §  U.  For  Uis  datecuiinap 
tiiMi  of  th*  tiiBD  of  aitrthquaJio  origin  Me  S  I 
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l>ef«rMAittffaf»  of  the  Anproachnate  Po»itio»i  of  the 
OHoin^  of  the  Aleutian  XSarthtgttake.  The  approximate  position 
of  the  earthquake  origin  may  be  determined  in  two  different  ways, 
from  sekmographic  observatioDS  made  at  a  number  of  stations,  as 

follows  :  — 

( i )  By  a  (^mparison  of  the  times  of  earthquake  oocuireDce  ; 

(ii)  From  the  epicentral  distances  deduced  from  the  dura- 
tioDS  of  the  preliminary  tremors. 

1st  Method  !  Comparison  of  the  times  of  oceitnenee.    As  an  ex- 

aii)])le,  let  us  lake  the  times  (=/j)  of  eartliqiiake  uecurrence  at 
Tokyo,  Horence,  Manila,  and  Berkeley  (California): — 

{Tokyo  ^1=0*  17-^  IG' 
Floienco  ^,=0    24  00 
ManiU..   /i=0    20  42 
i^erkeley  t^=0    18  00 

It  is  evident  that  among  the  above  4  atatiuns  Tokyo  was 
nearest  to  the  cnrigin.  As,  further,  the  duration  of  the  total  prelimi- 
nary tremor  in  Tokyo  was  5*  20*,  which  corresponds  to  an  epicentral 
distance  of  about  25°,  I  shall  assume  a  propagation  velocity  of 
13^  per  sec.  for  the  diflFerential  epicentral  distances  between 
Tokyo,  lierkeley,  and  Florence  (Ximeniaiio  and  Querce.)  For 
the  comparison  of  Tokyo  and  Manila,  however,  let  us  take  a 
somewhat  lower  velocity,  say,  10*"' per  sec.  Under  these  supposi- 
tions, we  obtain  the  following  results  :  — 


Combinnttnii  of  places. 

Difference  of  times  of 

commciiCfiineiit. 

Approximate  Epicentnl 

Difference. 

44* 

47.'3 

3 

26 

24.3 

0 

44 

5.2 
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A  circle  (]r;ns'n  about  Manila  as  centra  with  a  radius  of  24. "3 
passes  very  nearly  through  Tokyo,  while  the  locus  of  equidistanc 
between  Tokyo  and  Florence  intersects  that  between  Tokyo  and 
San  Francisco  at  about  ^=57"  N,  ^=179"  W  ;  this  latter  point,  or 
the  epicentre,  being  situated,  nearly  in  the  same  great  circle  which 
connects  Tokyo  and  Manila. 

2nd  Method  :  Comparimt  of  the  epieentrat  distanees  deduced  frfmt 
the  duration  of  the  prelimmirii  Iremor.  The  relation  of  the  epicunlral 
distanor?  (x)  to  the  duration  ('  ,)  of  the  1st  in-climinarv  tremor,  or 
the  total  duration  (//)  of  tlie  1st  and  2rnl  iirtliminary  tremors,  is 
approximately  given  by  either  of  the  two  following  equations* 

km.  sec.  km. 

«sl7.1  y,-l360. 

«B  6.54^4720. 

Taking  the  observations  at  Tokyo  and  Florence,  (Ximeniano) 
for  instance,  we  have  : — 

Tokyo  y  =  5"  20' ;  x=25'.3 

Florence  t/i  =  ll    30  ;    a:  =  94. 

If  twu  circles  bo  drawn  about  Tokyo  and  Floiciice  as  centres, 
with  the  radii  of  25°. 3  and  1)4'  respectively,  they  intersect  at  about 

f=44  N,  ^=m'E. 

Taking  the  mean  of  the  two  positions  above  obtained,  we 
find,  for  the  approximate  situation  of  the  earthquake  origin, 

The  epicentral  distances  of  some  of  the  observing  stations  are 
as  follows  :  — 

Tokyo...   20°  OS' 

Osaka  82  26 

Berkeley  45  22 

Manila  58  25 

Floxeoce  85  09 


•  Tha  "PablioatiooB,"  No.  S  aad  So.  13. 
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From  a  compariBon  of  the  descriptions  of  the  EW  and  NS  com- 
ponent (liagrams  (ill  and  i« ,  §      we  see  that  the  displacement 

occiining  ut  the  very  commencement  of  the  earthquake  was  aa 
follows: — 


Again  the  two  displacements  constituting  the  fiist  vibration  of 
the  principal  portion  were  as  follows: — 


Taking  tlie  mean  of  these  tliree  results,  we  find  that  the  direc- 
tion of  motion  was 


This  direction  points  very  nearly  towards  the  source  of  the 

earthquake  disturbance  located  from  the  seismographie  observations 
9),  the  actual  direction  of  the  centre  from  Tokyo  being  N  50"  E. 
It  will  l)e  (ib.served  that  the  initial  or  fii"st  displacement  of  vibra- 
tion was  directed  away  from  the  origin. 

retMSC  of  thm  Origin  of  the  Aleniian  JBtarthquake,  The  api  >roxi- 
mate  time  (=/o)  of  earthquake  occurrence  at  the  origin  can  be  es- 

ti]ijated  by  means  of  the  following  equation*: — 


0.04  ram,  towards  W, 
|o.06  „  ,      ..  S; 

Elesultaut  iuoiion=0.07  mm,  towards  S  W. 
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in  wliich  ^  and  »/,  are  respectively  the  time  of  occAirronco  and  the 
duration  of  the  Ist  preHminary  tremor  at  any  given  station.  Ap- 
plying, for  instance,  the  above  formula  to  the  observations  made 
at  Gottingen,  Ximeniano,  and  Laibach,  we  obtain  the  following 
resnlts: — 


Xhmiatto.   _  ,  ^ 

10  35 


/,=0»23*43*;  yi=  8*47* 
/,=0  24  00;  y,=ll"30* 


f/.=0 

f^s0  23  37;  ^islO^dl* 
U=0  11 


Laidach.^   

19 


Taking  tlie  mean  of  the  above  tliree  values  of  the  W6 
find:— 

or  time  of  earthquaka  ooii]imraMsenient=0^11**44' 

IS.  V«a»mmi90  Barth^tmOie.  According  to  newspaper  reports, 
the  Valparaiso  earthquake  happened  a  short  time  before  8  o'dook 
in  the  evening,  of  the  16th  of  August.   As  shown  in  §  13,  the 

approMiiiate  tiiiiu  of  uccurruiice  in  tho  ejti central  district  Wiis  prob- 
ably 0'40"05'  (the  17th)  in  ( liVM  ins  icli  M.  ;in  Time,  or  7'53"29' 
P.M.  (the  16th)  in  the  Valparai^^o  Local  Time.  At  Valparaiso  the 
weaUier  on  the  day  of  the  earthquake  was  unusually  calm  and 
I^easaut* 

The  earthquake  and  subsequent  fires  produced  a  considerable 
amount  of  damage  in  the  city  of  Valparaiso;  the  shock  having  also 
caused  a  great  des^ction  in  Vina  de]  Mar,  Le  Ligna,  Limache* 
Quilt^ue,  Aniuca,  ralcquin,  Moripilla,  Qtullota,  liailLai,  Hierro 


•  A  fine  and  calm  wtAther,  which  genucalljr  corrMpoiul*  to  tlie  fiM  of  the  bMOmetrio 
ttl«.a]M  dhM«C«iaa4atMft  of  til*  cwit  dartractin  wilib(|Q»kci  in  Jdim. 
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Viejo.  Abcrca,  Com-liall,  iV'laidii,  Ln  Placilla.  La  Calora,  Los 
Andes,  San  Felipe,  and  some  other  places.  There  were  30  deaths 
in  the  city  of  Santiago,  while  the  town  of  Vallonar  (300  miles  nortli 
of  the  capital)  is  said  to  have  been  badly  afifected. 

The  strong  motion  area  seems  to  have  extended  from  Vallenar 
on  the  north  to  Santiago  on  the  south,  over  a  distance  of  about  300 
miles.  The  earthquake  origin  was  probably  an  elongated  sub- 
oceanic  zone  parallel  to  the  eoat-t,  the  most  central  part  of  which 
may  be  assumed  rowjhhi  l<»  he  ut  abuul  250  km  to  the  NNW  of 
Valparaiso,  or  at  the  following  liosilion: — 

f =81*  S,      ;i=73'  W. 

According  to  a  letter  of  Dr.  Bicardo  Poenisch,  of  Santiago, 
there  was  no  surface  manifestatioa  of  faults,  but  a])parently  the  coast 
was  ekvated  more  than  1  metre.  The  shock  was  felt  on  the  north 

as  far  as  Tacnn,  the  iKirthtrn most  province  of  Chile,  at  a  Uibtance 
of  about  450  miles  hom  Valjjarai-fj. 

The  epicentral  distances  of  the  different  stations,  where  the 
distinct  commencement  o£  the  Valparaiso  earthquake  was  observed, 
are  as  follows: — 

Tokyo   162*  22' 

Osaka    155  51 

Gottiogen    109  40 

Ximciiiatio   107  07 

Mamhi   150  10 

13.  ObBmatian  »r  f  Ac  VuipamUo  Avf i«icaJke.  The  time 
(/,)  of  occurrence  observed  at  the  different  stations  were  as  fol- 
lows: — 
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'Tokyo  <i=l*00^34' 

iOsiika   1  00  15 

Mean    100  26 

[Manila   1  00  15 

GottiD^en    1  13  30  (?)  (Vert.  Seismograph.) 

^Ximeniaiio   0  58  15 

The  durations  (y,  and       of  the  lat  and  2nd  preliminaiy 

ti  cincu*s  were  as  followii:  — 


i: 


Tokyo  yi=  18^60*;  y,=26"05';  £/i  +  ?/,=46?W 

ObbIm  ytssl5  48 ;  y,=24  25  ;  3/i+j/,=»40  18 

Mean  1ft=l7       Vt'^SS  15;  yi+u»-^  39 


Time  (/«)  of  commencement  of  the  3rd  phase  of  the  principal 
portion  was  as  followB: — 

[Tokyo  <,aP52*18*  (Veifeical  oomponent) 

„    1 58  63  (EW  „  ) 

lOuktk   1  54  21  (    ) 

Mean    1  55  11 

\V\  Motion.  The  time  intervals  between  tlie  corri>sponding 
epochs  in  the  1st  prehrainary  tremor  of  the  VV|  and  waves,  at 
Tokyo,  Osaka  and  Manila,  were  as  follows: — 

fG'35'  (Vertical) 


(EW  component) 


Osaka   9  32 

Manila  5  46 


The  identification  of  the  Ws  motion  was  in  each  case  extremely 
difficult,  and  the  intervals  of  time  above  given  arc  to  be  regarded 
only  as  rough  estimates.   Taking  the  mean,  we  obtain  a  time 
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interval  of  7"'24',  corro^ponding  to  a  mean  epicontral  disluucu  of 


155°  48'.  The  tliooretieal  time  interval  corrcspondiDg  to  the  latter 
value  of  the  epicentral  distance,  would  be,  if  we  suppose  a  propa- 
gation velocity  of  13  km  per  aec,  equivalent  to 


141  •    MaHmaHtm  of  the  Time        of  Oeenvreuee  oi  ihm 

fhrigin  »f  the  Valtmrai»o  Karthquahe.    Takiim  the  mciin  the 

Tokyo  and  Osaka  observations,  we  have,  according  to  the  equa- 
tion in  §  11, 


Now  the  Valparaiso  mean  local  timo  is  that  of  longitude  71^ 
89' W,  or  4*46"36'  after  G.M.T.  We  have,  therefore, 


ItL  Cotnpariaon  of  the  JPertod»  of  Vibraiion  in  the  Fol- 
|Mn^M  MkurthQualie  tcith  those  in  the  Cwweaa  and  €fMniemala 
'  JBartlbtwaine.  The  following  table  gives  the  mean  values  of  the 
different  periods  found  in  the  seismograms  obtained  at  Tokyo, 
Osaka,  and  Manila,  together  with  those  found  in  the  Tokyo 
seismograms  of  the  Caracas  earthquake  of  Oct.  29,  1900,  and  the 
Guatemala  earthquake  of  April  19,  10(^;  the  periods  of  more 
frequent  occui'rence  being  printed  in  fat  characters. 


13 


=8-54' 


A,=*i-1-1G5  yi«0*40-05*  (G.M.T.) 


tt^7*S3r^'  P.M.  (Local  time). 
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mala  Earthq>>akes. 

Valparaiso  Earthquake. 

Tokyo 
(Horizonal). 

Toky.. 
(BoritoBtal). 

Tokyo 
(Vertical). 

Osaka 

(EW). 

UaaiU. 

JfraiL 

Sac 

8m. 

oec. 

Bee. 

8m. 

2.9 

2.4 

4.0 

3.5 

3.9 

5.5 

7.9 

9.0 

— 

8.0 

7.4 

8.4 

10.2 

11.5 

11,2 

i  104 
i  12.4 

II.G 

11.4 

19*1 

— 

/14.0 
\16.0 

14.6 

1*1 1 

18.4 

177 

18Jt 

19.1 

18.3 

21.2 
26.9 

22.3 
29.7 

22.4 
26.8 

23.0 
27.7 

22.6 
26.8 
28.7 

32.9 

32.7 

31.7 

32.4 

39.5 

37.7 

36.8 

37.1 

45.4 

45.0(7) 

49.0C/) 

56.0 

ti7.4(V) 

67.4(?) 

From  the  above  table  it  will  be  seen  that  the  different  periods  of 
vibration,  which  occurred  at  Tokyo  in  the  Caracas  and  Guatemala 

earthquakes,  were  almost  perfectly  identical  with  those  Mliich 
occurred  at  Tokyo  and  (Jsaka  in  tlio  Val}>arai.su  eiirthqnakr.  The 
Manila  seismogiam  indicates  only  shorter  period.^,  which  are  also 
found  in  the  Tokyu  and  Osaka  records.  It  is  almost  certain  that, 
if  the  Manila  seismograph  had  a  long  natural  period  of  oscillation, 
other  dow  periods  would  have  been  likewise  registered  there.  It 
may  be  here  mentioned  that  I  have  taken,  for  comparison,  the 
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Caracas  and  Guatemala  earthquakes,  as  the  origins  of  these  shocks 
had,  with  respect  to  Tokyo,  epiceiitral  di.^tances  and  azimuths  not 
widely  different  from  timse  of  the  Valparaiso  earthquake. 

By  compai'ing  the  above  table  with  the  list  of  periods  in  ^  8, 
it  will  be  seen  that  the  periods  of  vibration  iu  the  Aleutian  earth- 
quake also  occurred  in  the  Central  and  South  America  earthquakes. 

The  examination  of  the  numerous  seismographio  records  of  the 
great  Indian  earthquake  of  April  4,  1905,  has  also  shown  the 
common  occurrence  of  various  periods  of  vibration  in  different 
paits  of  the  would. 

From  the  facts  like  the  above,  it  seems  probaMo  th:it  the 
microseisraic  or  unfelt  and  slow  periods  of  vibration  are  approxi- 
mately the  same  in  different  earthquakes  and  at  different  stations. 
I  have  previously  stated  a  similar  ccndusion  with  re^rd  to  the 
pulsatory  omUatims. 


16-    Tidal  Jfisittrbancea  due  to  the  Valparaimo  KurtliQHake, 

The  earthquake  caused  some  tidal  disturbances,  which  spread  over 
the  Pacific.  Thus,  in  the  enclosed  Bay  of  Maalaea,  on  the  island 
of  Maui  (Hawaii)  the  wave  is  said  to  have  reached  a  height  of  12 
feet.  An  inter-island  steamer  Noeu,  while  anchored  off  the  north- 
eastern coast  of  the  island  of  Hawaii  in  a  calm  sea  was  carried  for- 
ward by  a  sudden  undertow,  which  was  so  strong  that  her  chain 
Itarto"!  and  she  lost  her  anchor  and  forty  futlioiiH  of  chain.  It  is, 
howcvi  r,  nutewortiiy  that  there  were  apparently  no  sea  waves  at 
Valparaiso  itself,  there  being  no  newspaper  account  of  such  distur- 
bances at  the  Chilian  port.   The  fact  seems  to  be  that  the  tidal 
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waves  in  the  vicinity  of  \'a]pami30  did  not,  owing  to  the  great 
depth  of  the  watar  along  the  coast,  attain  any  eon^iilcrable 
amount,  failing  tlicreby  to  produce  damage  or  attract  attention. 

lO.     Ttte  Sea  Waven  ohaervetl  at  MfonohUiu  San  I>iego  and 

Ban  JFrancimsQ,  The  tidal  disturbances  due  to  the  Valparaiso 
earthquake,  recoided  on  the  tide  gauges  at  Honolulu,  San  Diego, 
and  San  Francisco,  whose  dirtd  areual  distances  from  the  origin  of 
disturbance  are  respectively  96°  21',  76°  12',  and  82°  52',  were 
as  follows.* 

Honolulu. 
y=2ri8'Nj  i=167'W. 
The  time  wed  is  that  of  longitude  15r  SO'  W,  or  10^  80"  after  G.M.T. 

Slight  traces  of  disturbances  appeared  at  about  3  A.M.  (Aug. 
17th),  the  period  being  33.3"^.  But  the  distinct  movement  began 
first  at  5*  15*  A.M.,  and  remained  active  for  the  next  20  hours  : — 
Ts25.5  min.,      2as0.28  ft. 

In  the  subsequent  portion,  (the  movement  continued  more  or 
less  active  till  Aug.  19th): — 

iT=26.M  min.,  2a=0.15ffc. 
San  Diego. 

V.8.QtMranHne  Wharf,  f»3ar42'N;  jl=ll7M0'W. 
The  time  is  (be  Westeni  Slates  Time,  or  8  boon  after  G.M.T. 
The  movement  was  indicated  distinctly  first  at  6*  30*  A.M., 
and  remained  active  till  about  6*  40"  P.M. 


•  DaiotlBg  Iqr  r  Mtd  Za  til*  «anp1ete  ptrisd  Mid  tbft  nngs,  «r  double  ftnplittBde,  «f  the 
vftfw  motion. 
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7^21.8  min.,      3aas0.46  ft. 

r=iG.2 

San  FVaneiseo. 

PrcuiUo.    v^  =  37M8'N;    >?  =  122»30'W. 
Time  used :    Tho  Western  Statss  Time. 

The  distiDct  movement  began  at  7*  42"  A.M.,  remaining 
active  tiU  about  11*  P.M.  Up  to  about  8*  SO*  P.M.,  the  pre- 
dominating oscfllations  were  as  follows: — 

jr=5y.lmni..  2a=0.28ft. 
lT=21,a  „ 

Thereafter  the  oedUations  were  as  follows: — 
Ts:41.0mm.t  2a=0.28ft. 

17.  The  Sea  Waves  observed  at  Jfapaneae  Coasts.  Xlie 
sea  \va^'c  s  due  to  the  Valparaiso  earthquake  wore  also  recorded  at 
the  different  tide-gauge  stations  on  the  Pacific  coasts  of  Japan. 
The  following  is  a  short  description  of  the  mareogram  obtained  at 
Kushimoto,  a  small  sea  port  situated  at  the  southern  extremity  of 
the  Kii  peninsula. 

(i)   Kushimoto.    ^=33»27'N;  yl=135»45'E. 

Time  assd  ia  tbat  of  longitude  135''  E. 

The  sea  waves  began  to  appear  at  9*  27"  A.  M.,  Aug.  18th. 

For  th<.'  liret  41",  there  were  two  small  oscillations,  of  T=20.5  tmn. 
For  tlie  next  2*  41). 5",  there  were  8  oscillations  of  T=  21.2  min., 
whose  magnitude  gradual!}'  increased,  tlie  7th  having  the 
maximum  motion  of  44  cm.  The  very  initial  motion  was  directed 
upwards  (2a=6  em.) 
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For  the  next  4*  25",  the  laovemeat  became  smaller,  the  pre- 
dominating period  being  shorter: — 

7Bll.9ittin.»  SaslOcm. 

Thereafter  thu  movement  became  ugaiu  largei-  and  slower:  — 
Ts22.3  mm.,      2a=  16.5  cm. 
(ii)  HaJiodate:   f»=4l*46'N;  jl=:W44'E. 

The  times  of  commenoemeut  of  the  sea  waves  at  these  three 
places  were  as  follows*  : — 

Hakodate   10.02  A.*!!!..  Aug.  16th. 

*  Aynkftwa    9.99  »•      »  ** 

Misalcii..  ...   8.2S  n      >?  t> 

I  have  also  examined  the  mareogruius  obtained  at  the  stations 
on  the  Japan  Sea  side.  }3ut  these  gave  no  clear  evidence  of 
the  existence  of  the  sea  waves  due  tu  the  earthquake  in  question. 

18b   Th9  Fcfoeify      IPr^pagoM^n  a«r<»w  §hm  ^eific.  As 

is  well  known,  the  propagation  \ulocity  (f  or  c')  of  sea  waves  may 
be  calculated  iu  two  different  ways  as  follows:  — 

v'^^'gh..,.   (2) 

In  (1),  s  denote  tlie  distance  between  the  eartliquako  origin 
and  a  given  tide-gauge  station,  « t  being  the  time  interval  taken 
by  the  sea  waves  in  traversing  that  distance.   In  (2),  g  is  the  ac- 


I  Dr.  K.  Hondali  payer :  On  Uu  VOtKitf  t/  Sea  Wava  thnugk  tkt  Faetik. 
angakifBatiiil^kkinii  Sii-Qatjo.  Yd.  IU.  No.  a 
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celeration  due  to  the  gi'avity  and  h  the  mean  sea  depth  along  the 
distance  s* 

Ku^umoto.  Acconiing  to  §  11,  the  time  o!  earthqoake  ooeor- 
rence  at  the  origin  was  0*  4(r  05  (G.M.T.).  Hence 

o"i=23*  47". 

The  great  circle  connecting  Kushimoto  with  the  earthquake 
origin  Ji-^irW)  is  155.^5  (=«)  in  length,  passing  on  the 

whole  through  deeper  parts  of  the  Pacific.  The  mean  depth  h  is 
about  4470  metres.   We  thus  obtain :  — 

I 

tv  =202  metres 'i-cc. 
[p'=.y/  gh  =209  meties/sec. 
Mombdu,    For  the  Honolulu  observation,  we  have: — 

«  being  the  distance  along  the  great  circle  connecting  Honolulu 
with  the  earthquake  origin,  along  which  the  mean  depth  h  is 
about  4150  metres.    We  have  therefore :  — 

io=  -jj-  =197  metres/sec. 
i>'=.^/"5S"=201.6  nietiea/seo. 

In  these  two  casee,  tiie  agreement  between  the  velocities 
calculated  by  the  two  different  methods  are  in  fair  agreement  with 
one  another. 

Sail  FVaneiseo  and  San  Biego,  The  time  intervals  d  t  for  San 
Frandseo  and  San  Diego  were  respectively  15*  02"  and  13*  SC*. 

The  great  circles  between  these  two  places  and  the  earthquake 
origin,  who-^e  lengths  (s)  are  82'  52'  and  70"  12',  pass  very  ciuseJy 
off  the  coaBt>  the  mean  depths  (/i),  measured  a  little  outward  (or 

*  A  eometton  to  Am  formiiU  (iS)  hM  hmnk  gltren  hj  Dr.  C.  Dftviioii.  FkiL  Mag.,  Jan.  1897. 
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westward)  uf  tlicau  arc.-,  beiug  respectively  about  4210  and  4220 
metres.    We  thus  obtain : — 

„  f ©  =s  -  f    =170  metres/sec. 
SanFraactseo  


San  Diego  ' '  ^^'^ 

203 


In  each  of  these  two  coses,  the  actual  velocity  v  is  much 
smaller  than  that  rloduccd  hum  the  mean  sea  depth,  the  discre- 
pancy being  probiibly  due  to  the  inexactness  of  the  assumed  wave 
path,  whicli  runs  ptirallel  to  the  coast, 

10.  Conritntion.  The  foregoing  are  only  fragmentary  notes 
on  the  Valparaiso  and  Aleutian  earthquakes,  A  fuller  account  of 
the  sea  waves  propagated  across  the  Pacific  will  be  given  in  a 
future  number  of  the  "  Bulletin." 


Tokyo.  Jan.,  1U07. 
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On  the  Distribution  of  Recent  japan  Earthquakes. 


By 

F.  Omori,  Sc.  D., 
M«mbegr  of  tlie  Imf^al  Earthquake  InTeatigation  Committee. 

I  PR£UMINARY. 

1.  Arrmnffemetti*  of  Marthfuake  Zonea.    Let  A  (Fig.  1) 

represent  a  portion  of  the  earth'  surface,  which  is  being  depressed 
down.  Then  it  can  easily  be  demonstrated  tliat  there  will  be 
formed  ill  the  sunounding  region  two  systems  of  weak  lines,  as 
shown  in  the  figure.  These  are,  firatiy,  concentric  arcs,  and 
teeonH^j  radial  lines,  corresponding  respectively  to  the  dislocations 
and  the  cracks  in  the  eaith's  crast. 


Fig.    1  Fig.  2 


T  *  t  us  next  vary  slightly  our  supposition,  and  assume  A  (Fig. 
2)  to  be  a  portion  of  the  earth's  surface,  which  is  pushed  from  one 
aide  by  a  pressure  P.  In  this  case  there  will  be  formed  two 
systems  of  the  weak  lines»  similar  to  those  mentioned  above  ;  the 
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2.    %tttiM»i€»e  I»lan*im. 


concentric  line.-,  however,  becoming  in  this  case  foldings  in  the 
earth's  crust.  One  of  the  consequences  of  the  existence  of  the 
horizontal  pressure  P  is  tliat  the  outer  (or  convex)  and  the  inner 
(or  concave)  sides  of  the  region  under  conBideratloa  differ  material- 
ly in  the  topographical  features  ;  the  former  being  much  steeper 
in  gradient  than  the  latter.  (See  also  Fig.  4).  A  may  be  a  great 
mountain  chain  or  a  series  of  islands,  arranged  in  a  curvilinear 
form. 

Fig,  2  is  a  diagram  niatic  representa- 
tion of  tlie  Japanese  islands,  which, 
as  shown  in  Fig.  3,  forms  a  circular 
arC|  whose  convex  and  concave 
sides  are  turned  toward  the  Pacific 
Ocean  and  Japan  Sea  respectively  ; 
a  glance  at  any  map  of  Japan  sug- 
gesting tlie  idea  that  the  islands 
were  caused  to  assume  their  curvi- 
linear form  by  the  pressures  acting 
from  the  Japan  Sea  side.  The  dif- 
ference in  the  steepness  of  the 
gradient  between  the  two  sides  of 
the  island  arc  of  Japan  is  illustrated  in  Fig.  4,  which  gives  an  ideal 
cross  section  of  the  latter. 


Fig.  3 

The  dotted  line  thows  tht!  general 
earn  form  or  JspiuwM  iiLudi. 


Pressure 
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As  is  well  known,  the  Japan  ^>ea  is  shallow  and  its  greatest 
depth  is;  only  3000  nieUes  ;  tliu  gradient  of  the  sea  bottom,  which 
is  sliallnw  ,  vnryiug  from  1  in  G7  (off  the  coasts  of  Uzen  and  Ugo) 
to  1  in  110  (o£t  the  coasts  of  S^tn-in  Do  provmces).  The  average 
gradient  to  the  basin  of  1000  metre  depth  from  the  west  coasts 
of  Hokkaido  is  1  in  220.  On  the  other  hand,  the  Pacific  Ocean  is 
very  deep,  the  Tascarora  basin,  which  lies  off  the  northeastern 
coasts  of  Japan,  reaching  the  depth  of  over  8000  metres  at 
distances  of  ISO  to  380  ^  from  the  coasts.  The  gradient  of  the 
Pacific  hottom  is  nuich  steeper  than  iQ  the  ami  of  tlie  Japan  Sea, 
being,  for  example,  as  follows  : — 

Off  the  ooa»t  of  Netnuro  1  in  27 

„  K£       n  Main  Island   ...    ...   ...   ...    ...  1  in  30 

„  coast  of  Kli  (to  5000  metres  deplli)   1  iu  24 

„  „    „  Tosa  (  »  )   1  in  32 

8E  coast  of  KazuBa  and  A wa  (to  3030  metres  depth)  ...  1  in  1(3 

S.  UhuaiayaK.  The  Himala3'au  mountain  ranges  furni'ili 
also  a  good  example  of  the  relation  between  the  curvature  and  the 
steepness  of  the  gradient,  and  form,  as  diagrammatically  shown  in 


N 


fig.  5. 

Oiurau  i>t'  tbc  Hniiiila^uii 


ludia 

Fig.  5,  a  ver>'  beautiful  circular  arc  extending  in  an  east-west 
direction.  The  convex,  or  southern,  side  is  very  steep,  the  great 
mountains  rising  almost  abruptly  from  the  flat  plane  grounds  of 
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India,  (^n  the  otlier  Inmd,  the  concuve,  or  nurlliorn,  side  is  not 
steep,  coiihtitiitiiig  tlie  {ilntcau  df  Tibet. 

4U  Sttmatra  and  Java.  Xhu  two  islands  of  Sumatra  and 
»^  Java  also  form  together 

\^r^  an  arc,  as  indicated  by 


worthy  that,  in  the  case  of  Sumatrd,  mountain  ranges  lie  close  to 

the  convex  side. 

A.  AiBuUmn  Mtlana»,  The  Aleutian  islands  form  a  regular 
arc  stretching  in  an  east-west  direction.  Here  again,  the  sea  on 
the  convex  (southern)  side  is  much  deeper  than  that  on  the  con- 
cave (northern)  side.    (See  the  precedini;  Arlicle.) 

6.  Metaiion   hetireen    Ihe   t'ttrvaiufc   and   the  Seimtnie 

AefirUy.  In  simple  cases,  like  those  above  mentioned  in  whicli 
there  is  a  regular  arc  of  mountain  ranges  or  series  of  islands,  the 
convex  side  is  often  shaken  by  great  earthquakes,  while  the 
coiicavo  side  is  disturbed  only  by  occasional  local  shocks. 

7.  IHstribtitinn  «f  lifmfrtiftipe  Hktrthquaheit  in  mfnpan.'* 

The  origins  of  the  221  destructive  earthquakes  of  Japau  proper, 

•  A  yery  rahiaMc  iuvesUff  itiou  on  th'-'  (iistril>u!iou  of  suiall  Japan  earthquakes  of  roct^nt 
jHH  has  be«n  girta  bj  Count  V.  da  iUoutuaiua  dc  Balloro  in  Arehivet  <ki  Seicwet  Phyt.  el  Nat. 


the  dotted  curve  in  Fig. 
0.  The  sea  on  the  con- 
cave, or  north-eartcrn, 
side  is  sliallow  (iindor 
200  metres),  while  that 
on  the  convex,  or  south- 
western side  is  much 
deeper  (over  6000  me- 
tres); it  being  also  note- 
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happened  between  the  Htli  century  and  the  present  time, 
were  approximately  as  follows:  — 

Inl^ud  origins    114 

^^ftstfic  <*t  «•«  47 
Japan  Ses  origins    17 

Jlllftl)(l  &6il     II   2 

{wdnown    41) 

Again,  among  the  above-mentioned  224  earthquakes,  there 
were  10,  which  were  very  extensive  and  violent.  Of  these,  3 
happened  in  central  Japan,  while  the  remaining  7  originated  off 
the  south-eastern  coast  of  the  Japanese  islands,  each  being  aocom* 

panied  hy  great  tidal  waves. 

A  cuHheciaence  of  the  diiference  in  the  seismic  activities  of  the 
two  sides  of  the  Japan  arc  is  that  there  were  on  tlie  Pacific  coast, 
23  great  tidal  disturbances  of  seismic  origin,  while  on  the  Japan 
Sea  coast  there  were  only  5  small  cases  of  such  disturbances. 

IL  R£CCNT  STRONG  JAPAN  EARTHQUAKES. 

S.  I>infribufion  of  the  Oriffina  of  Stranfj  Japan  FJartIf 
qnakvH  in  Mtcvent  Vearn,  The  systematic  cartiifiuake  ohscrval ion 
ill  Japan  was  conimrtucd  in  188'),  and  tlierc  were,  during  the  next 
21  years,  257  eurthqualcos  wliich  originated  in  or  around  Japan, 
and  some  of  which  were  destructive  or  seml>destructive,  the  rest 
being  strong  or  moderate  sliocks,  each  with  a  laud  area  of  distur- 
bance* greater  than  about  4,000  square  r/,  or  26,000  square  miles. 
Tlie  uii^iuft  uf  these  207  earlhc^uukcs  were  distributed  among  the 
following  2o  groups. 

*  The  arm  of  ditlHrb«net  «i^ifi«  the  we*  wiUiiB  «bl«1i  tho  «artliqiiahe  luotuw  «»«  MtHsiUt, 
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A,  Oji  the  SE  coast  of  Hokkaido  and  the  M  coast  of  the  Main 
Idand*  The  138  earthquakes  belonging  to  this  group  may  be  sub- 
divided as  follows: — 


i.  Off  the  coastM  of  Ncnniro  an^  Knshiro  .. 

II.    Between  Hidaka  and  MiU-u  

iii.  OtT  ihe  CL>:iitj5  of  .M  utsii  aiitl  lviku:bu 

»v.  „            „  liiku/.i'ii 

Y.  „            „        Iwaici  . 

tI.  „            „         Ilitacbi  . 

Til. 


«««  ■*■  •■* 


*■ *  *  ft  * 


•  * •  mmm 


«•«  ■*»  ««■  ««■  »h* 


•«*  «■*  •P* 


*«•  *«• 


*i« 


*«•         «•«  ««• 


25 


31 
28 
19 
14 


»  ■  «       «  ■ 


«»« 


»•«  «»* 


eastern  const  of  the  Kaza$a-Awa  Peiiiiisula   11 

^  vUi.     „  coast  of  Izu. 

JB.   0/  the  E  coast  af  Kii 

C.  SE  coast  of  Ktjmhu: — 

i.   In  the  S  part  of  the  Ilyuga  Nada  

11.      ..     Vicinity  of  \  aku  and  Tane  Islands 
lit.    To  the  E  of  Osbiuia... 

j».   Off  the  W  coast  of  Kii  ... 

B,  Cape  <^  Murcto  (Tusa) 

JB\    AkiUi  mid  SkOnai  hiatrict  :  — 

i.    Oil  the  coast  of  Altita  .. 
,  U.  Vicinity  of  Sakata 

<r.   Yicwit^  of  Noto : — 

!i.   Off  ilie  coast  of  Toyatiia  (Etcbu) 
U.      „     W  coast  of  the  Peninsula 

M.    IJoki  ami  Izumo:  — 

IL   Off  iha  coast  of  Hokt  . 
IL     ,«         „    „  Isumo 

M.    Western  part  of  Rikiichu  and  Eastern  Part  of  Ugo 

«#.    2Iusashi  and  Shiiiiusa  District: — 


***       • »« 


8 
1 

3 
8 
1 

1 

1 

1 

1 

1 
8 

1 
2 

3 
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i.    NE  Part  of  Miis;ishi  

li.    W  Part  of  Sliiiiiosa   ...  ,  

lii.    \V  Piirt  of  Hitacbi  .. 
11'.   S  Fart  of  Sbimotsuke 


*■*  «•* 


i  4  •        *  »  « 


Tokyo  Batj  and  Sa^mi-Nadai' 

I.    Ill  Tokyo  Bay   

ii.     ,,  r::.i^,iUii-Niul;l  
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Fig.  S  illustrates  the  distribution  of  the  cnrlhquako  origins  as 
tabulated  ai)ove  ;  Fig,  7,  which  serves  a.s  a  key  iiiap,  giving  the 
namos  of  the  di£fereiit  provinces.  It  wiii  be  BOon  that  the  most 
active  Beismic  2ono  at  present  is  A,  or  that  stretching  off  the 
eastern  coastsi  of  Hokkaido  and  Main  Island,  the  number  of  the 
earthquakes  which  occurred  in  tfiese  parts  of  the  Pacific  Ocean 
amounting  to  13.S,  or  more  than  half  of  the  total  number  of  the 
shoeki,  relating  to  whole  Japan.  The  zone,  a,  murkcil  hy  a  thick 
dotted  line,  represents  the  appiuxiinate  focus  of  the  great  earth- 
quake* of  the  4th  year  of  the  Hoyei  period  (Oct.  28,  1707);  the 
two  great  shocks  in  the  Ist  year  of  the  Ausei  period  (Dec.  23  and 
24|  1854}  originating  respectively  at  the  eastern  half  (between  Kii 
and  Izn)  and  the  western  half  (between  KU  and  Kyusliu)  of  this 
zone.  A  is  evidently  continued  to  «,  which  is  itself  again  conti- 
nued to  the  zone  stretching  from  the  boutlierii  part  of  Hyuga 
Nada  to  the  east  of  Oshinia. 

Af  a,  c  together  form  the  principal  sub-oceanic  earth- 

quake zone  of  Japan,  which  runs  i>ara11el  to  the  convex  side  of  the 
latter  and  may  be  named  extcmtl  sewnie  gone.  In  former  times  « 
was  .most  active,  but  at  present  A  is  very  active. 

On  the  Japan  Sea  side,  there  are  three  seismic  regions  ^ 
(Akita  and  Hhonai),  O  (vicinit}'  of  Noto),  and  H  (Hoki  and 
Izuiiio),  whose  aclivily  is  far  less  than  that  of  the  e.rtmial  .tt'isniic 
zone  above  niontioned.  Of  these  Uiree  regions,  the  m<>?t  impor- 
tant is  M'f  which  in  historical  times  produced  some  violent  shocks. 
b  and  «  represent  respectively  the  approximate  positions  of  the 
great  Sado  and  Shonai  earthquake  of  Dec.  7,  1833,  and  the  Hama- 
da  (Iwami)  earthquake  of  March  14,  1872.  These  two  latter 
regions  fonn,  together  with  F,  <v,  and  Mf,  a  continuous  band  along 

*  Ttaic  waa  tbe  g;reaU«l  Muong  the  etuUiquakeB  which  crer  shook  Japan. 
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F.  Omori : 


tho  concave  side  of  the  Japanese  islands,  and  may  be  termed  the 
inner  seismic  zotic. 

Among  the  other  earthquake  districts,  the  most  active  are: — 
M,  which  mainly  coincides  with  the  valley  of  the  Shinano-i7a?M 
and  extends  from  the  middle  i^art  of  Echigo  to  the  northern  part 
of  Shinano  and  the  eastern  ymrt  of  Hida;  JC.  Tokyo  Hay  and 

Sagami-Nfldrt ;  iv,  Mino,  Owari  and  Kchizeu  District;  and  /*,  tlic 
western  halt  of  tiie  inland  »Sea. 

The  different  earthquake  districts  shown  in  Fig.  8  may  be 
divided  into  two  systems^  namely,  the  concentric"  and  the 
radial,"  as  mentioned  in  §1.  To  the  "concentric"  system 
belong  the  external  and  tntur  seismic  zones;  (Echigo,  Shinano  and 
Hida);  x.  (Tokyo  Bay  and  Saguiiii-A«<f<i);  r  (Inland  Sea),  etc. 
Among  the  "radial  "  districts,  the  most  conspicuous  is  N,  or  tiie 
JVIiuo,  Owari  aud  Ecliizen  zone. 

9.  Seinmic  Activity  tilonff  the  JHtetliterranean-Hititalaijmt 
Zone.  Fig.  9  indicates  the  approximate  positions  of  11  recent 
desti  uctive  earthquakes  belonging  to  tiic  Mediterranean-Himalayan 
Zone  (niarJ^ed  II),  provisionally  supposed  to  extend  eastwards  to 
Formosa,*  as  follows: — 

1.  Assam  and  Bengal,  June  12,  1897. 

2.  Aidin  (Smyrna),  Sept.  20,  1899. 

3.  Scbemacha  (Caucasus),  Feb.  13, 1902. 

4.  Kashugar  (Turkestan),  Aug.  22,  1902. 

5.  Saloniki  (Macedonia),  April  1,  1904. 

G,  7,  10,  11.    ruiino.-a,  April  21  and  Nov.  (>,  1904,  and 
Maich  17  and  April  14,  190G. 


•  Sc  '  the  llulU'lin,  No.  1,  p  p.  20-24. 
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8.  Kangra  Valley  (i*nnjab,  India),  April  4,  1905. 

9.  Calabria  (Italy),  Sept  8,  1905. 

a,  h  and  e  in  tho  figure  indicate  the  exifdience  of  seismic 

centres  in  China  and  liio  l^aikal  (lislrict,  ihc  two  former  l>ein.«  for 
tlie  present  in  a  (luiet  tontlilion.  Of  the  11  earUujuakes,  Nos.  1, 
tl,  4,  5,  H  and  9  were  very  great  disturbances  and  happened  at 
different  places  along  the  zone  in  question. 

10.  ilelation  of  Japan  Are  to  MetiHerranean'Himatatfan 
MMiT  American  Zone«.  The  mOst  active,  or  external,  scisrnic  zone 
of  Japan  (I,  Fig.  8)  forms  n  connecting  link  between  tho  Mediter- 
ranean-Hiniaiayan  zone  and  the  great  American  zone,  which  latter 
stretches  along  or  off  the  Pacific  coast  from  Chile  on  tho  south  to 
Alaska  on  the  north  ;  t  the  Aleutian  Island  earthquake  of  Aug.  17, 
190C,  having  finally  brought  the  manifestation  of  the  great  seismic 
activity  to  within  2UUU*"  of  the  nortli  Japan. 


$  Sw  tihJi  Snniber,  p.  l€0. 
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Note  on  the  Direction  and  Magnitude  of  the  Vibrations 
in  the  Different  Phases  of  the  Earthquake  Motion.* 

By 

A.  Imamura,  So.  D., 

EztauNtdinaxj  Member  of  the  ImpeEial  EttTUi{n«ke  Invesiigataoii  CoumiUee. 

1.  The  present  iioto  contains  the  result  of  study  on  the 
observations  at  Tokyo  concerning  the  magnitude  and  direction  of 
seismic  movements  originating  from  distant  centres.  The  direc- 
tion of  movements  is  examined  with  reference  to  the  path  of  the 
wave  transit,  whidi  is  assumed  to  coincide  with  the  great  circle 
passing  through  the  observing  station  and  epicentre ;  the  calcula- 
tion being  uiatle  according  to  the  formula 


where  J  represents  tlie  angle  between  the  great  circle  and  the 
meridian  of  tlie  observing  st^ition,  "  tlie  angular  epicentral  dis- 
tance at  the  latter,  and  9  and  9'  the  latitudes  of  the  station  and 
the  epicentre  respectively,  f  The  direction  of  the  seismic  motion 
has  been  obtained  by  composing  the  two  horizontal  movements  of 
a  few  well-defined  vibrations  at  the  beginning  of  the  dififerent 
phases  in  the  seismogi"anis,  which  weio  given  by  Oiuori  II.  P. 
Seismographs  registering  £W  and  NS  motions. 

•  Abstract  of  a  paper  resvl  tntforn  thu  ineetin;;  of  tho  Imp.  Earthq.  Inv.  Coiuui.  oa  Dec  5, 
inoe,  with  addition  of  the  dlBonsnon  of  earthqnakei  Xoa.  4  and  9. 

t  The  forninla  for  the  cnlcnl.itirr.  of  o  is  t  u,  I  sin  9  sia  9+005  f  cos  5  cos  (V  — vrhflm 
\  and  X'  repn-seat  the  longitudes  oi  the  obscrriug  station  and  tUe  epicentre  r«spectipely. 
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2.  The  earthquakes  taken  into  cousideratioo  are  as  fol- 
lows:— 

TABLE  I. 


Oroap. 

Dato. 

1      ■      .      . — 

Kp'Cf'titro 

)• 

J 

1 

Sept. 

20.  1S9» 

Cenim. 

129*B 

4S*  8«'4t 

S  IS^.S  W 

2 

29,  1900 

New  Hebrides. 

170'E 

IT'S 

59"  sy-e 

8  33"  .8  E 

I 

3 

Juhv 

1,  1906 

N.  Australia. 

189»E 

13»S 

42^  .4 

S    I'.l  \V 

4 

IS),  llK)i» 

W.  Australia. 

0C»  1.S 

S  SS".?  W 

U 

5 

Aog. 

22,  IIMS 

TorkMtaB. 

78«£ 

80*.$X 

so*  «r.i 

N88M  W 

6 

April 

4,  IMS 

Iiidi*. 

77*B 

S1*^N 

81*  a6'.4 

S  7B»  1  W 

7 

Oct 

9.  1900 

«0»2l 

84*  8r,8 

N  87*.0  B 

III 

S 

AprU 

18,  1006 

8fln  FianeiiMOh 

1*8*W 

88MN 

78*  SV^ 

N  84«.8  B 

• 

81,  1908 

Colmnbio. 

79»W 

188*  86rj 

N  S0.*O  B 

Of  these,  the  first  four  origUiated  in  Javaii  district,  tlie  next 
two  in  the  Himalayan  district,  and  the  Uis^t  three  in  tlie  Pacific 
side  of  America.  Thns  the  earthquakes  in  Groups  I,  II  and  III 
were  propagated  to  Tokyo  nearly  from  south,  west,  and  north-east, 
respectively. 

3.  The  positions  of  the  epicentres  given  in  the  table  were 
obtained  as  centres  of  the  most  disturbed  areas,  except  for  the 

suboceanic  eartliquakes  Nos.  2-4,  whose  origins  were  determined 
by  means  of  tbe  following  observations  concerning  the  time  of 
commencement.* 

No.  21—1"  8.7*  at  Tokyo,  7*  9.7"  at  Batavia,  7*  11.7"  at 
Calcutta,  7*  12.0"  at  Victoria,  7*  15.2"  at  Mauritius,  7*  17.6"  at 
Cape  of  Good  Hope. 

No.  3:— 4*  38.2'"  at  Tokyo  (dur.  of  p.  t.=8"  25'),  4*  38.2"  at 

*  Time  ia  girnn  in.  Cireeawiuh  tueaa  time. 
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Oaaka  (dur.  of  p.  t.=8"  25'),  4*  3.5.8"  at  Perth,  4*  37.1"  at 
Batavia,  4*  41.9"  at  Bombay,  4*  39.8"  at  Calcutta. 

No,  4:— 7*  28.9"  at  Tokyo  (dur.  of  p.  t.«16"  13*),  7*  20.6"  at 

Perth. 

The  most  important  datum  for  the  determination  of  the 
epicentre  in  No.  4  is  the  observation  of  the  sea-quake 
on  board  the  steamer  Omrah  at  a  point  long.  KM'^SO'E,  lot, 
21*27'S. 

4.  That  the  different  phases  of  seismic  movements  have 
different  directions  may  probably  be  best  understood  from  the  dia- 
gram of  the  earthquake  No.  3.  (see  PI.  XXX.)  In  the  seismogram, 
not  only  the  commencement  of  the  1st  prel.  tremor  (I),  but  also 
that  of  the  2nd  one  (II)  and  its  succossivo  waves  (a-d)  are  larger 
in  the  NS  than  in  the  EW  component,  while  this  relation  is 
quite  contrary  in  the  1st  prine.  portion  (III-D).  It  will  also  be 
seen  that  the  3rd  phase  of  tlie  princ.  portion  (V-r)  is  enlarged 
in  the  NS  component  only.  I  have  hardly  any  reason  to 
assume  such  peculiarities  as  errors  due  to  the  instniments  which 
are  most  reliable  ones  in  our  Institute,  the  pendulums  of  EW 
and  NS  components  having  61.5  and  48.5  sec  as  the  periods  of 
free  vil>ration.  and  15  and  '20  times  as  the  mai^nilications  of  their 
WTiting  indices  respectively.  The  same  instruments  registered 
both  components  in  Nos.  4,  0  and  9,  and  NS  component  in  No.  8. 
The  other  component  in  the  last  named  earthquake  is  taken  from 
the  illustration  given  by  Prof.  Omori  in  the  Publ.  of  the  Imp. 
Earthq.  Inv.  Comm.,  No.  21,  Appendix  II.  With  respect  to  the 
diagrams  of  the  four  other  earthquakes,  the  EW  component  in 
Nos.  1  and  5  was  recorded  by  the  instrument  A,  that  in  Nos.  2 
and  7  by  D  and  C  respectively,  while  the  Nj5  component  in  Nos. 
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TABLE 


l!>arCn- 
quake 
Ncu 

Compo- 
llMti. 

1 

Ut  preliminary  tremor. 

2nd  preliminary  tremor. 

Beniltant 

n-«  a-b       e4  d<o  aver. 

torn. 

Resultant 

dir.  amp. 

dir.  amiiii 

1 

K-W 
W'E 

Bogau  gradually. 

■10            20  .,4 

•16  10 

S27»'4W  -ao 

N<8 

B-N 

BigMtalwnpttj. 

•17          '49  ^ 
■»         -17  ^ 

S 

E-W 
W-E 

BogoQ  gradually. 

'tis  107 
1-5* 

8«|*«B  l'» 

N-S 
S-N 

Begtui  yery 

abrapUy. 

1-20  -80 
•75         1  50 

8 

E-W 
W-B 

BegM  gndnilly. 

•07          -07  .(^ 
■07  -07 

Does  -07 

X-8 

s-x 

Began  abruptly. 

•■-'4          105  .fl- 

4 

E-W 

W-E 

B«gMk  giadillilly. 

•«8          •90  ^ 

S38»^W  ^7 

N-S 
8-X 

Bagiin  gMdnaUy. 

•40  -40 

5 

E-W 

W-E 

Began  gradnailjr. 

'40 

•55 

N4»*1)W  ■7* 

X-S 
S-X 

BogHi  gwdarily. 

tat 

6 

E-W 
W-E 

•39          -37  .a 
•5*  ** 

X64®W  .4S 

•78         4  73         6- 12  „..„ 
2-40  6-78 

.S53»'tiW4.C8 

X-S 
8-N 

•25 

•16  -sa 

2-30          3-78  o.-o 
•53          3^  3*40 

7 

E-W 
W-E 

Began  gradaaUy. 

"7*  i;5 

K30*>'8£  106 

X-S 

8-N 

Beginning  lar<;e. 

B 

K-W 
W-E 

Began  gradually. 

1-81        3-33  ...r- 
S-38  r3'i 

N46«<SB  8«7 

N-S 

8-y 

Bagaa  gndtiBUj. 

1-70  2-07 

8-05  »•» 

9 

E-W 
W-B 

Began  Twy 

•07        ♦CO  „.jj. 

2-eo 

yW*-9E  806 

X-S 

s-x 

Began  very 

gzadually. 

•65        8-W  ,.gj 
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TT 


M  prioeipAl  portion. 


8id  principal  portion. 


III-A  A-6  B-C  C  D  D-B  mT»r. 

If)  in* 

Beaaltant 
dix.  amp. 

T«a  K-fi  0^   -x-i  anr. 

div.  Mapk 

M          5-0  ... 
&4          8*7  ** 

K78*>'41V  4*8 

•W           -79  .„ 
■85  'T* 

N770"*B  87 

•18  -65 

•71  "86 

S88»-8E  I'lS 

^    ...    ****  « 
■8*  ^ 

1-8Q  1-33 
•83  2-73 

„  -77 
•28          1  30  " 

•08  '96 

*^  «•» 

3-1  3-7 

ta     '  -87 

NM»-8W  SB 

•28           -10  ... 
•18           'IS  ** 

S15*«W  '58 

•18 

•88  -es 

ilO           MS  .a» 
•so           -OO  -93 

N19»«B  844 

8-2         8-05  g.. 
10-2  8-3 

X58»'«W  W» 

»17            S'»  -.go 

l-aS         8*58         »0O  *^ 

8*75          ♦•7  ^ 

1-25           -78  J.J9 
l-OO  1*78 

N17*-7E  8'88 

Ml  8^8 

--21.  '-35 

N63''1\V-  2-38 

■84 

•62          122  ^* 

^          '88          -88  .J. 
•88  -86 

N87»'SW  -76 

'88  -n 
•70          -88  1*» 

1-73 

113 

X86«'1W  £>48 
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A.  luiauiura :  Sota  oa 


1  and  7  was  given  by  B,  and  in  No.^.  2  and  5  by  one  whose 
magnification  was  lU  times,  and  \vho:?e  perio«l  of  free  vibration 
was  30  sec* 

5.  Table  II  shows  the  range  of  motion  (doable  amplitudes) 
of  the  different  pliases  together  with  the  resultant  directions  and 

magnitudes.  The  numbers  in  the  row  E-W  sliow  the  ranges  of 
motion  fiuiii  (dst  to  wesi^  and  those  in  W-E  the  ijiagnitudes  in  the 
opposite  direction. 

6.  Table  III  gives  the  relation  between  the  directions  of  the 
2nd  preliminary  tremor  (II),  the  1st  (III)  and  3rd  principal  por- 
tions (V)  and  that  of  propagation.  The  deviation  of  directions 
with  positive  r>r  negative  sign  means  the  angle  tliixniuli  which 
the  direction  of  movement  deviated  from  that  of  the  path  iu  the 
counterclockwise  or  clockwise  sense.  As  it  will  be  seen  from 
the  avei'age  values,  the  directions  of  th6'2nd  preliminaiy  tremor 
and  the  3rd  principal  portion  are  almost  coincident  with  the 
path,  while  that  of  the  1st  principal  portion  is  nearly  normal  to 
the  latter. 


*  For  tb«  detidlt  of  thft  ilutniaMBta,  the  reader  it  v«ferfpd  to  Prof.  Omori :  Publ.  of  th«3 
Imp.  Eertliq.  Tut.  Cotnu.  in  FonlKa  Laajfiiagei,  Ktk.  SI. 
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132  ^  Imimum :  XoU*  on  Directioa  ami  Ma^itude  of  £q.  Vibratioa. 

7.  The  result  contained  in  the  fortgoiiig  §  §  may  be  sum- 
marized as  follow^;  — 

(rt)  The  direction  of  t]ie  1st  [n\'\.  tremor,  when  it  is  distinct, 
tends  to  coincide  with  that  of  the  path. 

(b)  The  2nd  preL  tremor,  whose  direction  coincides  with 
the  path,  may  possibly  consist  of  longitudinal  waves. 

(e)  The  1st  princ.  portion,  whose  direction  is  normal  to  the 
path,  may  possibly  consist  of  transverse  waves. 

(d)  Till-  juith.s  of  the  two  last  mentioned  phases  are  probably 
common,  as  there  are  rocks  of  older  geological  formation  giving  as 
much  transit  velocities  for  the  seismic  waves  of  longitudinal  and 
transverse  types  as  tlie  2nd  prel.  tremor  and  the  1st  princ.  portion. 

(«)  Of  the  magnitude  of  the  difiFerent  phases,  the  3id  princ. 
portion  is  the  lai^est,  but  no  definite  relation  could  be  found  for 
the  two  other  j  hases.  In  fact,  the  2nd  prel.  tremor  was  larger 
than  the  1st  princ.  portion  in  the  earthquakes  nos.  4,  0,  8  and  9 
wliicli  had  more  distant  origins,  wliilo  Jhis  relation  was  quito 
contrary  in  tlie  case  of  tho  neaicr  eai-thquakes. 

(J)  Similarity  of  the  seismic  motion  originating  at  neighbor- 
ing centres*  is  probably  due  to  the  existence  of  definite  directions 
for  the  different  phases  and  similarity  of  the  path.  With  respect 
to  the  latter  statement,  the  earthquakes  of  Group  I,  which  were 
propagated  along  suboceanic  paths,  had  the  principal  portion 
sliglitly  developed  in  magnitude  and  duration  when  compared 
to  the  })reliminary  tremor,  while  those  of  Group  II,  mostly  pro- 
pagated along  the  free  surface  layer  had  well  developed  principal 
portion.    This  propeily,  however,  requires  further  investigation. 

Jan.  1907.       Seismological  Institute,  Tokyo. 

•  Sae  I'rof.  Qujori :  PubL  d  the  luip.  Karthq.  Inv.  Couim.  No.  21. 
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On  Earthquake  Zones  in  Central  Japan. 

By 

F.  Omori.  Sc.  D., 

Member  of  the  Imperial  Eartlu^uake  luvtidtigaiiou  Committee. 

J.  iMfiwrfiffefM-ir.  The  four  principal  Japanese  islands, 
namely,  Hokkaido,  Honshu  (Main  Island),  Shikoku,  and  Kyushu, 
are  arranged  in  a  curvilinear  form*,  which  may  be  divided  into  two 

portionfj,  namely,  the 
northern  and  southwest- 
eru  halves,  whose  cur- 
vatures are  turned  in 
opposite  directions;  their 
convex  sides  facing 
towards  SE  and  NW 
respoctivoly.  Omi,  T,c;a, 
and  the  neiiililxair- 
ing  provinces  may  be 
re^urded  as  forming  the 
junction  between  the 
two  component  arcs; 
and  it  is  a  noteworthy 
fact  that  we  have  just 
there  great  tciinjjlicat- 
ions  of  topograpliical  features,  resulting  in  the  formation  oi  the 
Bays  of  Tsumga  and  Isi',  and  the  lake  of  Biwa.  'Die  latter, 
greatest  of  tlie  sort  in  Japan,  forms  to^tiher  with  the  Bay  of 
Osaka  a  depression  zone,  whose  direction  is  inclined  at  an  angle  of 


Thf  curve  shows  ih'.  arcual  form  of  the  northfln 
balf  of  Japan,  whil«,tha  dotted  line  •hom 
Ukak  tit  tba  aoatb'irottoni  half. 
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F.  Onoti: 


Fig.  3. 

Showing  the 
approximate 
tarn  of  Am 
LalwKwa. 


45**  to  the  central  line  or  arc  of 

the  Japanese  islands.  As 
shown  by  the  dotted  line  in 
Fig.  2,  the  Lake  of  Biwa  is 
roughly  triangular  in  form, 
and  it  is  the  object  of  the  pre- 
sent note  to  see,  if  any,  the 
relation  among  the  earthquake 
zones  in  Central  Japan  with 
rett-rence  to  the  lake. 


9,    Xonem  of  J9«afrffeflflw  MSnrth^nnfi^m  In  Oeninif  J^apan, 

Great  destructive  earthquakes  in  Central  .laiiaa,  whose  origins  c;m 
be  more  or  less  accurately  ascertained,  are  the  5  following:  — 

(  i )  £qke  of  the  Ist  year  of  Keicho    :  Sept.  4,  1596.* 

(ii)  2nd    „    ICwanbun:  June  16,  1662. 

(iii)  1st      ,,     Tempo     :  Aug.  19,  1830. 

(iv)  l!?t      ,,     Anj=ei       :  July    'J,  1854. 

(v)  Mino-Owaii  Lqkc       :  Oct.  28,  1891. 

The  Keicho  earthquake  (No.  i),  which  was  very  violent  and 
became  famous  f  roin  the  destruction  of  the  great  Fushimi  Castle 

erected  l>y  Taiko  (Toyotomi  Hideyoshi),  had  its  origin  in  the 
district  extending  from  the  Muulicrn  pari  of  Kyoto  tu  the  towns  of 
Fusliimi  and  Yodo.  On  the  other  hand,  the  Kwanbuu  earth- 
quake (No.  ii),  which  waa  very  violent  and  extensive  in  area, 
originated  about  40  km  to  the  NNK  of  the  first  earthquake,  namely, 
to  the  west  of  Mount  Hira,  at  the  boundaiy  of  the  northern  part  of 

•  Prior  to  this  date  tlion/  wi  r  '  suvernl  do&tructiw'  cuth^iuaki-  in  Kyoto  and  the  vicinity,  tho 
e^rlicBt  grfat  shock  harint;  occurred  in  827.  It  ie,  liowcver,  imporaible  to  locato  ewMsUj  their 
oriijiiw: 
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tlie  provincu  of  Yamashiro  and  the  western  part  of  the  pro\ince 
of  Omi.  The  Tempo  omthcjusike  (No.  iii),  which  was  smaller 
thau  the  Keiclio  and  K^valll)U^  shocks,  originated  between  the 
centres  of  the  two  latter,  being  strongest  iu  the  northern  part  of 
Kyoto  and  the  adjacent  region  to  the  north.  Thusj  it  will  be 
observed  that  the  three  earthquakes  above  mentioned  all  originate 
ed  along  a  line  which  extends  from  the  western  part  of  Omi 
to  the  vicinity  of  Osaka,  in  the  direction  of  N20"£  and  S20°W. 
This  earthquake  zoiw,  which  may  he  called  Jl-Zonc,  (Fig.  3), 
passes  on  the  north  thiouizli  the  city  of  Fnkni  (province  of  Echi- 
zen);  it  being  specially'  interesting  that  the  severe  earthquake  of 
March  22,  1900,  which  was  felt  strongly  in  the  vicinity  of  the 
town  of  Sab»»  (£chizen),  originated  just  on  the  northern  prolonga- 
tion of  the  zone  under  consideration.  It  will  be  seen  that  the 
occurrence  of  the  different  earthquakes  along  A  was  in  accordance 
with  the  principle  explained  in  the  next  Article. 

The  Ansei  earthquake*  (No.  iv)  wns  n  very  extensive  shock 
and  was  most  violent  about  tlie  city  of  Ueno  (province  of  I^},  the 
epifocus,  JV-Zone  (Fig.  3),  being  a  zone  about  100  km  in 
length,  which  extends  in  a  mean  direction  of  S70'*W — N70°£ 
from  the  vicinity  of  the  city  of  Nnra  (province  of  Yamato)  to  that 
(jf  the  city  of  Yukkaichi  (]irovincy  of  Isc).  Tlu'  we-trni  end  of 
this  zone  also  points  to  the  city  of  Osaka,  on  the  head  of  the 
Osaka  Bay. 

Finally,  the  great  Mino-Owari  earthquake  was  caused  by 

tectonic  disturbances  which  produced  faults  extending  from  the  cen- 
tral part  of  the  province  of  Echizcn  to  the  souLh-easlern  part  of  the 

*  'I'hU  is  different  from  the  tvo  griut  earthquakes,  tdeo  iu  the  let  year  of  Ansci,  which 
tnigiiMtod  off  tbe  •ontlk<«wlent  eoHt  of  JupKo,  i««peoti-v«Ij  on  the  SSvd  and  S4tb,  n«e.  1854. 
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province  of  Mino,  the  vertical  and  horizontal  convulsions  of  the 

gi'ound  being  nio.st  markedly  manifested  in  the  famous  N«''o- 
Valley  of  ihe  latter  province.  There  was  very  prtil>ai)ly  an  undr'r- 
ground  line  of  distm^-bance  which  formed  a  direct  soutliern  prolonga- 
tion of  the  N^o-Valley  fault,  reaching  down  to  the  head  of  the 
Bay  of  Ise.  On  the  whole,  the  direction  of  the  epifocus, 
cc-Zone,  (Fig.  3),  of  the  MinoOwari  earthquake  was  N  20"  W 
— S20"E. 

The  three  earthquake  zones,  At  B,  and  V,  form  approximately 
a  right-angled  triangle,  whose  hypotiieuuse  is  and  whc^  right 
angle  is  formed  by  Jf  and  c,  these  two  latter  sides  being  inclined 
to  the  former  at  an  angle  of  45**  or  50.'  The  great  destructive 

earthquakes  in  the  central  part  of  Japan  seem  always  to  originate 
at  sinnc  part«  of  the  sidt  s  of  tiiis  seismic  triangle,  whicii  is 
roughly  similar  to,  and  similai'ly  situated  as,  the  triangle  formed 
by  the  Lake  Biwa.  It  thus  appears  probable  that  the  latter  was 
formed  as  the  result  of  the  existence  of  some  forces  in  the  earth's 
crust  in  this  part  of  Japan.  The  zones  B  and  Cmay  be  regarded 
as  being  respectively  parcUtel  and  normal  to  the  general  arc  or 
central  line  of  the  Japanese  islands. 


d 


The  formation  of 


Fig.  4. 


/- 


Outer  Smpm, 


Inner  Japon. 
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the  zone  A  may  be 

explained  by  the  ap- 
[•lii  ation  of  the  theory 
of  tlie  semndanj^  or 
shear,  cracks  accom- 
panying the  fault  pro* 
duced  in  the  epifocal 
zone  of  a  destructive 


Digitized  by  Google 


iilarUwiuake  Zones  in  Ctintral  Ja{Mn.  X37 

earthquake.*  Thus  lot  ah  (Fig.  4)  represent  Xluj  Ix  iundary  between 
the  convex,  or  outer,  -iide  and  tlie  concave,  or  inner  side,  of  the 
Japan  arc.  If  now  tiie  latter  sidv  I  to  sheared  relatively  to  the 
fonner  as  shown  by  the  arrow  then  there  ought  to  be  produced 
some  oblique  cracks^  as  which  is  inclined  to  the  boundaiy  line, 
ab,  at  an  angle  of  45^  d  corresponds  to  the  seismic  zone  A  or 
the  depression  formed  by  the  Biwa  Lake  and  the  Osaka  Bay. 
That  some  such  action  of  the  terrestrial  forces  as  above  imagined 
took  place  seems  probable,  since  tlio  geological  formations  on  the 
extehor  or  convex  side  of  the  Japan  arc  are  regular  in  arrange' 
meat)  while  those  on  the  inner  or  concave  side  are  very 
irregular  and  complicated. 


*. 
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Recent  Strong  Earthquakes  in  the  Shinano-gawa 

Valley  (Central  Japan). 


By 

F.  Omori,  Sc.  D., 

Member  of  the  Imperial  JBartbquake  luvestigatiou  Committed. 

I.  Ttttrotiuetion.  Destructive  lartlM^uakcs,  whether  ^eat 
or  local,  are  generally  not  isolated  phenomena,  but  form  groups 
eacli  of  which  happen  along  a  seismic  zone  of  greater  or  less 
extent;  no  two  violent  shocks  occurring  successively  at  one  and  the 
same  place.   Thus  let  A  B  (Fig.  1)  represent  a  seismic  zone;  1,  2, 

5  4 

Fig.  1.    A  Q  ^  0  ^  ^  B 

8  12 


3»  4  and  6  being  different  earthquake  centres.  If  now  the  first 
two  earthquakes  took  place  at  1  and  2  respectively  and  the  3rd  one 
at  3,  the  next  shock  may  be  expected  to  occur  somewhere  at  4. 
Again,  after  the  occurrence  of  the  earthquakes  1...4,  the  5th  one 
may  be  expected  to  happen  towards  either  end  of  the  zone  under 
consideration,  say  at  5. 

3*  9ir9Hif  JBnrihffuakea  4h  the  SMnun^^awa  VaUey.  The 

case  diagrammatically  illustrated  in  Fig.  1  has  exactly  been 

verified  by  the  5  strong  earthquakes,  which  happened,  between 
the  yeai's  1880  and  18U0,  in  the  Shinano-gawa  \  alley ;  the  latter 
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forming  one  of  the  active  seismic  zones  in  tlie  central  part  of  the 
Main- Island.*  The  dates  of  these  5  earthquakes  are  as  follows: — 
No,  1.  July  23,  1886  ;  1.00  A.M. 
„  2.   July  22,  1887  ;  8.30  P.M. 

3.    Jan.    7,  1890  ;  3.43  P.M. 
„   4.    Jan.  17,  1897  ;  5.36  A.M. 
5.    Jan.  22,  18UU  ;  8.04  A.M. 

It  may  by  the  way  be  noted  that  the  first  two  earthquakes 
OGcuned  at  an  almost  identical  epoch  of  the  year,  namely,  on 
28rd  and  22nd  of  July,  while  the  three  remaining  ones 
occurred  all  in  July.   This  is  one  of  the  instances,  in  which 

strong  or  destructive  earthquakes  belonging  to  a  gi\  eii  r^oibiiiie  zone 
tend  to  occur  at  nearly  thu  >uuie  hour  in  the  day,  or  in  the  same 
month  of  the  year.  The  approximate  positions  of  the  epicentres 
of  tlu  r>  earthquakes  are  indicated  in  Fig*  2  by  the  numerals  1,  2, 
3,  4,  and  6  respectively. 

Egtfte  No.  1  originated  at  the  boundary  of  the  two  provinces  of 
Echigo  and  Shinano,  and  was  strongly  felt  in  the  counties  of 
Higashi-Kubiki  (Echigo)  and  Midochi  (Shinano),  causing  a 
destruction  of  one  house,  bcsi'les  several  cas(\'^  of  damage  to  dozo 
(Japanese  ware  houses),  ishvjald  (stone  retaining  wails),  etc.  Some 
cracks  of  the  ground  were  also  produced. 

Eqke  No,  2  originated  in  tlie  Koshi  county,  (province  of 
Echigo),  where  the  ground  was  cracked  and  water  and  sand  were 
ejected;  some  temples  being  displaced  2  to  6  inches  on  their 
foundations,  and  one  person  wounded.  The  shock  was  also 
strongly  felt  in  the  two  counties  of  Mishima  and  Minami-Kanbai-a 
(Echigo). 


•  ThiR  iH  the  7.>ne  marked  U  In.  nj  {MipOT  on  Ch*  DiltiibtttiOD  of  BMOtit  JftpAtt  Eartk- 
qukkes.   Tlio  Bulletin,  Xo.  2. 
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Map  illufctratiui;  the  ishiQano-gafra  £q.  Zone.  SnuUl 
b1uu1(kI  ellip«ca  indiCKle  tbo  Kgffnplmmlit  poaitioitw  ot 
tbe  Ji«i.  Ohgiiu. 

Higashi'Chikuma  (in  the  province 
of  disturbance  being  in  tho  vicinity 

case,  the  inotiou  was  not  so  iutcniio 


Ijqhc  X".  3  was  most 
severely  felt  in  the  coun- 
ties of  Kami-Midoehi, 
Higasbi'Chikuma,  Kita- 
Ateumif  and  Sarashina  (all 
in  the  province  of  Shina- 
no).  Houses  and  dogo$ 
were  damaged,  cliffs  and 
roads  were  crai-kcd,  tomb 
stones  were  ovortui'iicd, 
water  and  sand  were  eject* 
ed  from  ground  cracks. 

Eqke  No.  4  was  severe- 
ly felt  in  an  area  of 
about  60  sfquare  miles  in 
tbe  two  couutit's  of  Kaiui- 
Takai  and  Kann'-Midochi 
(in  the  province  of  JShina- 
no).  The  seismic  damage 
was  nearly  the  same  as  in 
Eqke  No.  3,  the  epicentre 
being  probably  situated  on 
the  eastern  side  of  the 
Shinano-^iwr«. 

Kqkc  Xo.  o  was  aU'Oug- 
ly  felt  in  the  counties  of 
Suwa,  Kami  Ina,  and 
of  Shinano),  the  centre 
of  Lake  Suwa.  In  this 
as  in  I  lie  four  preceding 
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shocks,  due  probably  to  a  greater  depth  of  its  origin. 

Summary,  It  will  be  observed  that  the  5  earthquakes  above 
described  were  each  a  local  severe  shock,  whose  damge  was  limited 
to  cracks  of  the  ground,  some  injury  to  btiOdings,  and  the  like. 
Further,  (2)  origiuated  about  33  miles  to  the  NNE  of  (1),  while  (3) 
originated  at  a  greater  distance  in  the  opposite  direction,  at  50 
miles  to  the  SW  of  (1),  namely,  a  little  distance  to  the  SE  of  the 
town  of  Oinachi.  Thus  it  was  very  likely  that  the  next  place  to 
be  visited  by  a  strong  shock  was  between  (1)  and  (3).  This  has 
been  fulfilled  l>y  the  occurrence  of  tli*3  next  earthquake  at  (4)  or 
the  vicinity  of  the  city  of  Nagano.  The  famous  great  earthquake 
of  Zenkoji  on  May  11,  1844,  was  of  the  same  character  as,  but 
much  more  violent  than,  Eqke  No.  4. 

The  occurrence  of  Eqke  No.  5  further  southwards  was  in 
accoi-dance  with  the  natural  order  of  things  to  be  expected. 

S.  SeU^e  AtHvUy  in  Am^riem,  Awlm  mui  Xwtf^^  The 

successive  occurrenoo  in  recent  years  of  a  number  of  destructive 
earthquakes  along  the  American  and  Mediterranean-Himalayan 
seismic  zones*  furnish  another  illustration  of  the  principle  ex- 

plained  in  §  1,  manifested  in  a  grand  scale. 


*  bee  the  BuiUtiitf,  Noh.  1  and  2. 


Note  on  the  Eruptions  of  the  Unsen-dake 

in  the  4th  year  of  Kansei  (1798). 

By 

F.  Omori.  Sc.  D., 

Member  of  the  imperial  Eartliq^oake  Investigatiou  Committee. 

The  eruption?  m  the  4th  year  of  Kan>('i  (17t)2)  of  the  Uiisen- 
dak^  which  stauds  ou  the  peninsula  of  Shimabaraf  iu  the  province 
of  Hizen  (Kyushu),  extended  over  a  period  of  nearly  4  months. 
They  were  preceded,  for  several  weeks,  by  a  number  of  small 
shocks,  which  caused  some  landslips  from  mountain  slopes ;  the 
first  eruption  luiving  lukuii  place  uii  Feb.  12.  17!)2,  at  midnight, 
near  the  to})  of  tlie  Fuiceu-san  (1478ni  above  tiie  sea  level),  one 
of  the  highest  peaks  of  the  mountain.  Subsequently  tliere  were 
several  eruptions  from  different  neighbouring  places,  attended  by 
numerous  detonations  and  earthquake  shocks.  Of  the  latter,  those 
on  April  21st  and  22nd  (March  1st  and  2nd,  Lunar  Calendar) 
were  the  strongest,  causing  in  the  town  of  Shimabara  some 
damage  to  builcliims  and  cracks  of  ilie  ground  about  1  inch  in 
widtli.  TI10  final  cata.->tiophu  occurred  at  about  ('»  o'clock  in  the 
evening  of  .May  21st,  (April  1st,  Lunar  Calendar),  Aviien  two 
violent  earthquake  shocks  took  place,  and  tlie  entire  southern  slope 
of  the  Mae-yama  (876m  above  sea  level),  which  is  opposite  the 
town  of  Shimabara,  slipped  down,  producing  an  immense  avalanch 
of  rocks  and  earth.  The  latter  quickly  descended  into  the  sea  of 
Ariak^,  which  separates  the  Peninsula  from  the  province  of  Higo, 
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causing  a  considerable  change  in  the  topography  of  the  harbour. 
Amongst  others,  three  small  islands  were  wiped  out  of  existence, 
and  several  dozen  others  newly  created.  Simultaneously  with  the 
landslip,  great  sea  waves  were  formed,  which  rolled  in  along  the 

sliore  and  attained  at  some  places  a  height  of  20  to  30  feet,  causing 
<k vastatiuiis  ainon<r  17  villages  along  the  eastern  coast  of  the 
Peninsula  for  a  distance  of  77  km.  Tlio  number  of  the  casualties 
on  this  side  of  the  Ariake  Sea  amounted  to  0,745  persons  killed 
and  707  persons  wounded,  besides  496  cattle  and  horses.  The  sea 
waves  produced  also  a  considerable  amount  of  damage  on  the 
eastern  shores  of  the  Ariak4  Sea,  namely,  in  the  counties  of  Akita, 
Udo,  and  Tamana,  of  the  province  of  Iligo,  where  the  total 
number  of  persons  killed  amounted  to  5, 100.  Along  the  coasts 
of  the  Amakui^a  Islands,  i;  t;)  peo})le  were  drowuod.  Earthquake 
shocks  continued  to  happen  for  the  next  two  mouths. 

The  local  earthquakes  which  accompanied  or  preceded  the 
eruptions  of  the  Unsen-dake  were  not  very  destructive,  but  much 
severer  than  is  usually  the  case  with  volcanic  exphiiont.  In  these 
latter  cases,  as  with  the  recent  outbursts  of  Japanese  volcanoes, 
namely,  Bandai-san  (1889),  Azuma-ftan  (1*^93),  Adataro-san  (1900), 
and  Tori-shinia  (1902),  the  phL-nonienuu  is  {)uie]y  that  of  a  steam 
explusiion,  and  tlie  volcanic  force  in  mainly  t^pent  in  hlowing  and 
projecting  mountain  masses,  only  a  small  amount  of  the  energy 
being  transformed  into  earthquake  \ibrations  On  the  other 
hand,  in  eruptions  like  those  of  the  Unseu-^dak^,  which  were 
attended  by  no  gigantic  explosion,  the  subterranean  volcanic 
energy  would  be  in  a  great  measure  spent  in  causing  mechanical 
vibrations,  resulting  in  comparatively  severe  earthquake  shocks. 

The  cause  of  the  great  Sliimubuia  sea  waves  suems  to  liave 
been  the  disturbances  of  the  waters  by  the  euormous  quantity  of 
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rock  and  <  arth  masses  thruwii  into  latter.  Thus  the  voinine  of 
the  debris  was  roughly  0.55  cubic  km,  or  equivalent  to  an  area  of 
550  square  km,  with  a  thickness  of  1  metre.  Such  an  area  ia 
nearly  equal  to  that  of  the  Ariak^  Sea,  which  is  an  inland  body  of 
water  included  between  the  two  provinces  of  Hi^en  and  Higo,  and 
the  volume  of  the  debris  thrown  suddenly  into  the  sea  seems  to  be 
sufficient  to  product:  an  initial  displacement  of  llic  >uiTounding 
water  masses,  the  disturbuuces  thereby  created  b(.  inu  propagated 
to  the  different  parts  of  the  shores,  wliere  tidal  Ava\es  were 
formed.  The  great  landslips  from  the  Mae-yama  was  evidently  the 
effect  of  the  local  but  violent  earthquake  shocks. 

Instances  exactly  similar  to  the  Unsen-dake  eruptions  are  not 
rare.  Thus,  the  eruption  in  1868  of  Mauna  LoS)  in  the  Island  of 
Hawaii,  began  on  jNIarch  27  of  that  year.  On  April  2,  there  took 
place  a  severe  eartlniuakc  shock,  which  did  soidc  damage  to 
buildiugb  in.  the  vicinity,  causing  at  the  same  time,  a  landslip  of  an 
enormous  quantity  of  soft  clay  from  the  head  of  a  ravine  called 
Kapapala  at  the  south«eastem  flank  of  the  mountain.  This 
produced  a  mud  stream,  half  a  mile  in  width  and  about  30  ft.  in 
depth  at  the  centre,  which  descended  into  the  sea  in  the  interval 
of  only  a  few  minutes,  over  a  distance  of  3  miles.  The  result  was 
the  immediate  formation  of  large  sea  waMs,  which  rolled  in  along 
the  shore  of  Kau  dislrict,  attaining  a  height  of  40  to  5u  feet. 

The  sea  waves  attending  the  great  eruptions  of  Krakatoa  in 
1883  were  also  probably  caused  in  a  measure  by  the  ejection  of  the 
rock  masses  into  the  surrounding  sea  waters. 


Digitized  by  Google 


Seismograms  Showing  no  PreUminaiy  Tremor. 


By 

F.  Omori,  Sc.  D., 

Member  of  the  Imperial  Eartliquake  luvestigaUou  Committee. 

!•  jMfrotfMeHoM.  The  examination  of  the  horizontal  pen- 
dulum diagrams  of  the  Japan  earthquake  of  Jan.  21,  1906,  which 
originated  off  the  south-eastem  coast  of  the  Main  Island,,  has 
accidentally  revealed  that  some  earthquake  motion  indicates  no 

preliminaiy  liLiiKti  when  observed  at  places  situated  in  certain 
directions  relative  to  the  »eisiiiic  origin  ;  tliu  earthquake  of  Feb. 
6,  1907,  also  indicatiug  the  same  fact.  Studies  iu  this  connection 
may  thi'ow  much  light  on  the  nature  of  the  vibrations  composing 
the  initial  part  of  the  maero-msmie  earthquake  motion;  the  present 
note  giving  a  short  account  of  the  observations  of  the  earthquake 
of  Jan.  21,  1906.  I  have  here  to  express  ray  thanks  to  Mr.  N. 
Shimono,  Director  of  the  Osaka  Meteorological  Observatory,  for 
hi.«  vahiahlc  suggestions  and  assistance  given  me  in  connection 
with  tlie  invostigatiun  of  the  earthquake  in  question. 

».  ItMeiatMiUa.  (Fig.  1.)  The  earthquake  was  felt  as  a 
dight  or  moderate  shock  over  a  considerable  area,  which  extended 
from  the  south-eastern  portion  of  Hokkaido  on  the  north-east  to 
the  strait  between  the  islands  of  Shikoku  and  Kyushu  on  the 
south-west:  the  boundary  of  this  area,  or  the  isoseisnjal  /,  being 
synnjiL'trical  with  lespect  to  a  line,  which  is  normal  to  tlio  Japan 
arc  and  connects  the  cape  Inuboe  (province  of  Shimosa)  with  Uie 
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southern  end  of  the  Ba<lo  i?;lantl.  Tliu  it50»ei^nuil  line  11  includes 
the  area  within  which  the  shock  was  stroityftj  felt. 

The  earthquake  waa  recorded  by  Omori  Horizontal  Pen- 
dulums at  the  different  stations  in  Japan  and  also  at  the  Meteoro^ 
logical  Observatory  of  Zikawei,  near  Shanghai. 

:i.  Pomition  of  the  f /right.  The  npproxiniate  position  of 
the  earthquake  origin  may  be  inferiLd  from  the  seismograins 
obtained  at  Tokyo,  Mount  Tsukuba,  Mito,  and  Miyako  (province 
of  Bikuchu),  where  the  preliminary  tremor  was  clearly  observed, 
as  follows. 


Place. 

Duration  of 
l0t  Fnl.  Tretuor»jr. 

Bpiceatral  Diebmc* 

Tokyo   

Mt.  Tsukaba  

^tl  itO  *Br 

Miyako    

43 
•13 
47 
78 

350 
350 
380 
GIO 

The  epicentral  distances  given  in  the  above  table  have  been 
calculated  by  the  formula* 

The  4  circles  dra^vn  about  Tokyo,  Mt.  Tsnkuba,   Mito,  and 

Miyuko.  :is  centres  witli  the  eom'spontlin^  calculated  values  of  the 
epicentral  di.-tancus  for  the  radii,  liiect  as  shown  in  Fig.  1  at 
points  whicli  are  close  to  one  another.  Tlie  approximate  position 
of  the  earthquake  origin  thus  determined  is 


*  fho  PuMicationt,  No.  13. 
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the  actual  arcual  distances  from  the  epicentre,  the  time*  (=*i)  of 
eforthquake  occuirenoe}  and  the  duration  (=ij)  of  the  preliminary 
tremor,  for  the  different  stations  being  as  follows,  f 


I 

Tim  of  oecQmDM 
-'i 

DoTstion  of 
XT0I*  iremor 

-r 

Tflkvo 

in      41  p  \r 

iU  91/  91  Mr, Alt 

90 

Mf  TanlmluL 

Hi  al  19 

AH 

Mttrt 

iUtwU  •■• 

in  (CA  fi^ 

lU  91/  oo 

Al 
91 

Ai  IZUbiliU  ii   

5  00  —507 

10  51  4o 

A  7 

Miyako   

0  -23  =598 

10  52  44  C?) 

m 

Isbinomaki  

4  2a«4b7 

Osabik  

6  32=726 

10  60  28 

Kyoto  

6  2l»705 

f 

Kobe   

0  49  =758 

10  50  30 

• 

Tadotsu   

8   00  =8H«I 

10  50  23 

0 

Sbaugbai   

1»  57=210a 

10  52  15 

141 

Taibokti   

21  10^2852 

10  S3  20 

190 

Taicba  

22  15s2472 

10  52  1-2  (?) 

177 

Hokoto   

23  27  =2606 

10  51  15  (  ?) 

202 

Manila  

28  20=ai48 

10  54  23 

281  (?) 

4.  €A«r««fer  of  Me  ifeimnogrmmm.  The  seismOgrams  at 
the  different  stations  are  shown  in  Figs.  2 — 15,  as  follows. 


*  Tta«  tiiM*  we  given  ia  tbe  t«t  Xoniw}  Ja{i«a  Xlme,  or  tbat  of  longitude  ISS**  fi. 

t  All  tho  oVcrervatiou  made  iriih  Omoii  Hor.  Pendatnin,  ozcopt  that  kt  Ifanila  whieb  wae 

luade  with  V'iccntini  SeiMuogmpb. 
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No.  of 
Fig. 

Station. 

Component 

MttltipUtttioD. 

Pcndolum 

2 

Osaka   

EW 

20 

8 

„    (slow  time  rate). . . 

fi 

10 

30 

4 

Kyoto  

}( 

20 

30 

5 

Kobe   

NS 

20 

25 

G 

Isbinoiuaki  

EW 

11 

25 

7 

Tokyo  (Hitotsubashi) 

it 

10 

21 

ft 
o 

/  L>J     »■%     ."^  i 

,1     ^UOugu;  ...  ... 

>» 

1  or\ 
1 

OA  K 

9 

M             n         •♦•  ."• 

KS 

•20 

4B.5 

10 

tf             t*         ...  .♦• 

EW 

15 

01.5 

11 

»i             *f         •••  ••. 

Vertical 

30 

2.0 

12 

>i 

12 

4.5 

13 

Taihoka  (Formosa)  ... 

EW 

10 

23 

14 

Mito  ...  

•» 

20 

28.8 

15 

Mijako   

ti 

120 

18 

From  Figs.  2 — 15,  it  will  be  observed  that  the  seismograms 

obtained  at  Tokyo,  iSIiio,  Miyiiko,  Islnuumaki,  and  Taihoku,* 
indicates  tiie  ])i'eiiMiinary  tremor  in  the  usual  way,  while  tiio.se 
obtained  at  Osaka  (EW)  and  Kyoto  (EW)  has  no  preliminary 
tremor  at  alJ.  Iii  the  Kobe  aeismogram  (NS),.the  motion  was 
quite  large  at  the  very  commencement  as  was  the  case  with  the 
two  last-mentioned  places;  there  being,  however,  an  il1<defined 
indication  of  the  preliminary  tremor. 

I  give  next  a  :^hort  description  of  the  sei^jmograms  obtained 
at  the  three  stations  of  Osaka,  Kobe,  and  Tailioku:  n,  2a,  and 


*  Tho  sei8UK>){rtitis  ol4A)n<><l  at  Mt  Tlukuba,  Miiuuwo,  Sbugb^,  Taichn,  HdlcotOt  Otfi.  alM 

iQdicutvd  the  preliiuiaarjr  tremor. 
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T  denoting  as  usual  the  amplitude,  double-amplitude,  and  the 
complete  period  of  vihration,  respectively. 

03<Aa.  (Fig.  2.)  £W  component  (Multiplication » 20). 
Natural  oscillation  period  of  the  horizontal  pendulam^27  sec. 
The  eaxthqimke  began  qaite  suddenly  with  a  large  quick  displace- 
ment of  2.9  mm,  towards  W,  followed  by  a  counter  motion  of 
4.9  mm,  towards  1],  thl<  latter  heing  the  absolute  maximum.  The 
vibratiDUS  were  active  for  2*  20*,  being  coniposeti  of  the  following 
3  sets: — 

T=  ;»,7  sec.  (larger  vibraliuns), 
T=  5.7  ,,  (suialicr  ). 
r=27.0  .,     2a=6.5  mm  (peud.  o&cillationsj. 

The  motion  was  distinct  for  fartiier  5"  15': — T^4.9  sec. 

The  diagram  furnished  by  a  horizontal  pendulum  apparatus, 
whose  recording  drum  rotated  once  in  24  hours,  (Fig.  3),  also 
indicated  no  preliminary'  tremor. 

Kahe.  (Fi^.  4.)  NB  component  (Multiplication  =20).  Natural 
oscillation  period  of  the  horizontal  pendulum =2."  <vc.  The  earth- 
quake began  suddenly  with  a  large  vibmtion,  of  T='d(j  sec .  whose 
two  displacements  were  as  follows:— 

il&L    a=1.3  uiii),  tovv  iidii  X, 

•2nd  2a  =  1.7       .  S: 

the  latter  iK'ing  the  maximum  of  this  sort  of  motion. 

The  motion  was  most  activo  for  the  first  3"  15'  and  consisted 
of  the  following  3  sets  of  vibrations: — 

ITa:  3.1  sec. 
r=ll.l  s^c,  2a=2,l  rutn  (this  ma.\.  occurml  38  sec.  after  tbo 
co.uiU'jj:ceiLU'-'nl). 
r=24.5  sec,  2a=3.3  iinii  (pend,  osdi.) 
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Thereafter  (he  motion  gradually  diminished,  the  movements 
being  as  follows :  — 

7'=  II. a  soc,       2a=0.58  mm 
r=  4.0   .,  (?),    2a= small 
Towards  the  end: — T«=ll.l  sec. 

Taihokv,   (Pig.  13.)   EW  Component  (Multiplication- 10). 
Natural  oscillation  period  of  the  horizontal  pendulum' 23  sec. 
The  preliminaTy  tremor  lasted  3**  0',  the  movements  at  the 

very  commencement  being  ns  follows:  — 

1st   a =0.11  a»£u,  towards  W  ; 

2n(l  '2a=0.l!)  „  ,  E. 

Tlie  average  periods  were:  —  T=4.0  ^ec,  'i'=2.1  sec. 
The  principal  portion  lasted  6"  bb%  the  movements  at  the 
commencement  being  as  follows 

1st   am,  towards  W ; 

-ind  2a^2M   „  .  E; 

Srd  2asa.40  „  »  W. 

The  subsequent  motion  was  much  smaller. 

8.    Vlbratton  at  fhm  CbntmeMeeiNeiif  of  the  Earthquake. 

(i)    Obstivalions  <it  (haka,  Koltc,  Kyoto  ami  Tudolsu.    Tiie  ist 

vibration  of  the  eartiiquake  motion  recorded  at  tiio  4  stations  of 

Osaka,  Kobe,  Kyoto,  and  Tadotsu,  which  are  situated  westwards 

from  the  origin,  and  where  the  preliminary  tremor  was  entirely 

absent  or  unduly  large,  was  as  follows  : — 


Station. 

let  Displacement 

Snd  DbplaoemenL 

Bemarks. 

Osaka  (EW). 
Ksbe  (KS). 
EySio  (EW) 
Taaotsii  (EW). 

2!^,  (owards  W. 
1.28  N. 
176  „  W. 
0.90      „  W. 

4!w,  towards  E. 
1.78  „  8. 
2.68  „  E. 
2.00      „  E. 

Quick-  Tib.  ThiamatlMBbt. 

Qakk  vibiatiott. 
Slow  Tib.  mixed  with  qoUk 
mownwnt*. 

Sow  vibiatiflo. 
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Combining  the  obsersations  at  Osaka  and  Koho,  which  are 
near  to  each  other,  we  Und  the  following  resultant  motion: — 

SBt  displacement...  0^3.06  mm,  towards  17  67*  W. 
nd       „   ...2(»=5.U  „  ,      „  STFE. 

As  the  eartliquakc  origin  hcs  to  the  S  80  E  of  Osaka  tlie 
hiidal  vibration  may  be  regaixlod  as  due  to  the  loiujitudiHal  leave^ 
and  took  place  in  a  direction  parallel  to  the  line  joining  the  places 
of  observation  with  the  centre  of  disturbance  ;  the  let  di^lace- 
ment  being  directed  away  from  the  latter.  The  initial  displace- 
ment in  the  E  W  component  at  Kyoto  and  Tadotsu  was  also 
diroctod  towards  W.  It  may  Itt;  here  noted  that  some  microseismo- 
graplis  witli  a  large  multiplication  ratio  and  a  slioi  t  natural  osKjilla- 
tion  period,  say,  of  2  or  3  seconds,  are,  on  the  occasion  of  a  sharp 
local  shock  or  large  earthquake,  usually  thrown  at  once  into  big 
pi'oper  oscillations,  thereby  indicating  apparently  or  dta^mmatiC' 
oUy  the  maxmium  movement  at  the  commencement.  With  the 
observations  at  Osaka  and  E5be,  however,  the  movements 
recorded  were  really  those  of  the  giound,  their  periods  being  the 
same  at  the  two  places,  namely,  3.7  and  o.G  sec,  and  quite 
different  from  the  natural  oscillation  periods  of  the  horizontal 
pendulums,  which  were  27  and  2d  sec.  respectively. 

(ii)  Ohaertatim  at  Tokyo,  The  observation  at  Tokyo,  where 
the  preliminary  tremor,  was  deaily  indicated  is  also  very  interest- 
ing, as  it  gives  the  directions  of  vibrations  at  the  very  commence- 
ment of  the  motion,  and  of  the  principal  i)ortion.  Taking  suitably 
the  mean  value  of  the  EW  component  motion,  we  hud:  — 

Ist  displaosment  at  the  oommenoemeiit  of  the  preKtuinary 
tremor  0.60  mm,  towards  W; 

the  simultaneous      and  vertical  components  being  as  follows:  — 
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Ia=1.03  mm,  towaniT.  S, 
a=0.54   „  ,  downwards. 

These  give  for  the  resultant  horizontal  motion  the  fol- 
lowing:— 

initial  (prel.  tremor)  dispiasemeut  a^l.I  mm,  towatds  S  30'  W. 

The  counter  horizontal  motion  was: — 
2a =3.2  mm,  towards  N  22'  E. 

Taking  the  mean  from  the  let  and  the  counter  displacements, 
we  find:— 

direction  of  tbe  iuitial  vibration  S  26'  W— N  20°  E. 

As  now  the  origin  of  the  earthquake  was  to  the  S  65*  E  of 

Tokyo,  it  will  l>e  oiKsurvod  that  the  direction  of  motion  of  the 
viltiutioii  at  tilt-  (  (iiiHiiuncemont  of  the  jn'eliiuiniiry  tremor  was 
exactly  at  right  angles  to  the  line  joining  Tijkyo  with  the  origin; 
that  is  to  say,  the  preliminary  tremor  in  this  jmrtiadar  instance 
belonged  to  the  transverse  wave* 

Turning  now  our  attention  to  the  principal  portion^  we  obtain 
the  following  mean  ref?iilt  for  the  1st  displacement  of  the  large 
vibration  at  the  conunencemeut: — 

1st  diBplaceiuent  0=9.9  mm,  towards  K5S^. 

The  counter  EW  component  motion  was  K>  mm  towwds  E, 
the  two  displacements  of  the  vertical  motion  being  respectively 
as2.3  mm  downwards,  and  2ds3.8  mm  upwards.  The  NS  com- 
ponent pointer,  however,  unfortunately  went  out  of  the  smoked 
paper  and  did  not  record  the  2nd  displacement  and  the  subse- 
quent movements.  It  will  be  observed  that  the  1st  displacement 
of  the  principal  portion  was  nearly  parallel  to  the  line  joining  the 
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cartluiuake  oiigm  with  Tokyo,  thus  bcioDgiiig  to  tho  lotujHudinai 
wave, 

(iii)  ElV  Component  Observations  at  Mito^  Ishimnaki  and  Mi^lco, 
The  seismogram  at  Mito,  which  is  situated  about  100  km  to  the 
NW  of  Tokyo,  was  similar  in  character  to  those  obtained  at  the 

latter  place.    Thus  "vve  have:  — 

ilst  rlicplacemeut  at  thv.  coinuR  iici  Uieiit  of  the  prelimiuary 
tremor =0.41  mm,  towards  W  ; 
1st  displaceiueut  (a)  at  the  conjiueiiceuieut  ol  the  principal 
portion  =  5.4  mm,  towards  W. 
2iid  displacement  (20)^  or  the  coanter  motion  of  tUe  preeed- 
ing=11.8  mm,  towiuxb  E. 

The  directions  of  the  movements  at  the  commencement  of  the 
£W  component  principal  i>ortion  obtained  at  Ishinomaki  and 
Miyako,  both  situated  in  the  north-eastern  part  of  the  Main 

Island,  wt  ie  the  aanie  as  at  Tokyo,  being  directed  towards  W  and 
towards  E  respectively. 

41,  n*«m«vcr«e  4nt<f  XoM^lfiMllmil  PiftroMon*.  By  com- 
paring the  observation  at  Tokyo  with  those  at  Osaka  and  Kobe, 
we  aiiive  at  the  conclusion  that  the  first  vibrations  in  the  pre- 
liminaxy  tremor  I'egistercd  in  the  former  place  were  due  to  the 

transverse  mive,  while  the  larj^e  principal  viljrations  at  the  very 
commencement  of  ihe  eai  lhtiuake  m*  it  ion  registered  at  the  two 
latter  places  (as  well  as  Kyoto  and  Tudotsu)  were  due  to  the 
longitudinal  wave.  To  explain  these  peculiar  relations,  we  may 
suppose  tliat  the  preliminaiy  tremor  consisted,  from  some  cause, 
mainly  of  the  transverse  vibrations  in  a  nearly  N — S  direction. 
Such  movements  would  give  the  preliminary  tremor  at  Tokyo  in 
nearly  the  N — S  direction,  hut  would  be  overtaken,  along  the 
path  towards  Osaka  and  Kube,  by  the  longitudinal  wave,  whose 
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propagation  velocity  is  greater  than  that  of  the  transverse  wave ; 
the  result  being  that  at  the  last  lueiitioued  places  we  got  first  the 
large  vibratioiis  constituUng  the  principal  portion,  due  to  the 
longitudinal  wave. 
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Fig.  1.    Map  of  Japan,  showing  the  IsoBoismal  Lines  and  the 

Fosiiion  of  Uie  Oiigio  ol  tho  Sarthqoakd  of  Jan.  21, 1906. 

(I)  Boaaul«7«f  UwaMaoldigliibnottdii. 
<II)       w      •»•*!»  'oCrtioiigaotioB. 
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Vibrations  of  a  Railway  Bridge  Pier. 

By 

F.  Omori,  Sc.D., 
Member  af  tbe  Imperial  Earfbqvake  InTettigaUon  Committee. 

A  preliminary  series  of  the  measurement  of  the  vibrataoos  of 
railway  bridge  piers  was  carried  on  in  1901,  the  first  report  on  this 

subject  having  been  given  in  the  PuhHeaiims  of  ike  Earthtpiake 
Invest {(jation  Committee,  No.  12.  I  have  continued  these  nKa-ure- 
ments  with  my  horizontal  tremor  recordei-,  in  which  thy  two 
horizontal  component  pointers  Imd  each  a  magnification  of  10  to 
50  times,  the  registration  being  made  in  inic  on  white  paper  driven 
by  rollers.  The  diagrams  obtained  were,  as  shown  in  Pi.  XXXIX, 
very  good. 

Tone-gaim  BriiUje,  near  T^fride  Station,  Nippon  Bailway,  This 
single-track  (3'  O"  gauge)  bridge  consists  of  eight  200'  Double 
Wan-en  tnisscp  and  twenty -two  GO'  plate  girders.  On  Aug.  27, 
1904,  I  have  made  a  series  of  measurements  of  liie  vibrations  of 
the  pier  between  tbe  7th  and  9th  200'  trusses,*"  (counted  from  the 
Toicyo  end  of  the  bridge).  The  pier  experimented  on  was  built 
of  brick  and  had  a  total  height  of  94'.2,  of  which  29'.35  was  above 
the  river  bed  and  had  a  thickness  of  10',  while  the  remaining 
64'.86  formed  the  well  and  had  a  thickness  of  12  ;  the  depth  of 
water  being  about  10'.  f    The  tremor  recorder  was  set  up  on  the 


*  Thi*  if  oae  of  the  piera  ezpjrimeated  on  ia  1901. 

t  The  •levatum  onl  plan  of  tha  piw  i*  «im  In  thj  PaKkation*.  Xo.  IS. 
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top  of  the  pier;  P!.  XXXVIII  being  a  picture  of  the  insti'ument 
P].  AXXLX  is  one  of  the  diagrams  obtained,  and  niagnitici>  30 
tinie.-5  bulli  the  longitinlinal  and  transverse  vibrations;  these  two 
latter  being  respectively  tlie  movements  of  the  pier  perpendicular 
md  parallel  to  its  face  or  plane.  The  motion  was  caused,  in  the 
case  under  consideration,  by  an  up  train  consisting  of  a  locomotive 
and  44  goods  wagons  at  a  slow  speed.  As  wUl  be  seen  from  PL 
XXXIX,  the  gi'eatest  transverse  vibrations  occurred  not  at  the 
moment  of  the  transit  of  the  locomotive,  but  when  the  end  car  of 
the  train  wa.s  ju>t  passim,'  over  the  pier;  there  being  a  series  of 
maximum  movements,  which  corresi)onded  to  the  successive 
piers,  on  account  of  the  transmission  of  the  transverse  motion  of 
the  diffenrent  piers  through  the  means  of  the  girders.  Again,  the 
longitudinal  vibration  was  by  no  means  small,  as  ought  to  be. 
In  fact,  as  shown  in  my  previous  paper,  a  pier  which  rises  from 
soft  and  muddy  river  bed  does  not  vibrate  with  it;?  base,  that  is  to 
say,  junction  with  the  well  as  the  centre  or  fix«  <l  iM»int:  the  real 
position  of  the  latter  being  a  consideral)le  distance  below  the 
ground  surface.  In  our  case,  the  centre  of  vibration  is  40'  or  50' 
deep;  the  pier  (and  the  well)  with  the  girders  thus  forming 
virtually  a  tall  brick  columu,  GO'  or  70'  in  height,  with  heavy  top 
load.  Hence  it  is  natural  that  the  pier  should  vibrate  parallel  to 
its  face  as  well  as  at  right  angles  to  the  latter.  The  elements  of 
motion  were  as  follows:  — 


Transverse  Vihration. 


Complete  PeriodBO.89  seo.,  max.  motionsO.Od  mm; 

=0.18  „  ,       „       =0.08  „ 


Longitudinaf  VibrtUion, 
Complete  Period=0.22  sec,  mox.  motion =0.33  mm, 
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Horizontal  Vibration  Kecordor. 
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«  aviid  piMM  «ff«r  (b*  ainzt  Fltr  (on  the  Torlik  Sida). 
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there  being  also  some  traces  of  slow  movements  of  period  of  0.7 
sec,  due  probably  to  the  effect  of  the  lateral  vibration  of  the  200' 
girders.  Towards  the  end,  the  movements  became  small  and 
regular,  there  being  the  following  two  sets  of  motion: — 

(Complete  Period =0.ii7  sec. 
==0.24  „. 

Thus  in  this  case  the  amplitude  of  the  longitudinal  vibration 
was  half  of  that  of  the  transverje  vibration.    But  as  the  periods 

of  the  principal  movements  in  these  two  components  were  0.30 
and  0.22  sec  n  sjx  utively,  it  comes  out  that  the  acceleration  of 
the  longitudinal  vibration  was  nearly  double  that  of  the  transverse. 
If  we  furtlier  take  into  consideration  the  fact  that  the  breadth  of 
the  pier  was  not  less  than  twice  the  thickness,  the  great  importance 
of  the  longitudinal  vibration  in  its  relation  to  the  strength  of  the 
pier  will  be  readily  recognised. 

A  full  report  on  the  measurement  of  the  vibrations  of  the 
diflferent  brick  und  irou  piers  will  be  given  in  a  future  number 
of  the  rublictttioHs. 
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On  a  Method  of  Suppressing  Air  Tremors  Occurring 
in  Miine  H.  P.  Seismograms. 

By 

A.  Imamura,  Sc.  D., 
Extraordinaiy  Member  of  tLi«  luperitl  £itrtliqmike  luvestigation  CommiUce. 

The  principol  disturbing  cause  in  Milne  H.  P.  Seismograms 
is  probabi}'  the  appearance  of  the  so-called  air  tremors^  especially  in 
cold  weather  during  night  and  early  morning,  which  obscure  the 

eartlH|U;ik«'  nidtion  occurring  at  tbcHO  tinio;^.  Tlii?;  (listurlniiice  is 
known  as  an  elTect  of  convection  current  ul  the  air  within  the 
instrument  case,  which  cools  in  its  upper  part  in  confcquenec*  of 
quick  radiation,  while  the  air  near  the  record-receiver  and  foriniiig 
the  middle  layer  in  the  case  becomes  comparatively  warm  under 
the  influence  of  tlie  lighted  lamp. 

Our  instrument  room  is  bounded  with  a  metallic  covering 
within  a  sinall  building  (1.5x1.8  m.)  with  wooden  walls 
and  a  metallic  roof.*  Tlii.s  construction  was  evidently  favoralile  for 
the  occurrence  of  the  disturbance  in  question,  for  the  air  tremors 
which  occurred  very  much  during  the  colder  months  cuulU  not 
be  completely  suppressed  even  under  the  contrivance  duo  to  Mr. 
Moos.t  After  caiTying  on  the  observation  in  this  way  for  several 
winters,  I  have  arrived  finally  at  a  means  which  seems  to  be 
fairly  satisfactory. 

*  See  tlw  PKUicaf/«r'«  <>/  "<c  Imp-  Kiirthif.  Iiiv.  O  mxu..  So.  ir.,  p.  I. 

t  8e»  Prof.  Ulliw :  Fourth  Report  of  tbe  Brit;8h  Atsoci^itioa  SotimolosiciU  CominittCfl. 
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1-2  show  the  front  and  lateral  views  of  the  new  arrange- 
ment. TJie  shaded  part  is  the  brick  pier  upon  which  the  instru- 
ment case  represented  with  dotted  lines  is  mounted.  Over  this 
inner  case,  another  wooden  covering  shown  in  the  figures  with 
full  lines  was  newly  added.  U'he  new  case  is  divided  into  two 


Fig;l. 


e 


ng.1. 


pails;  the  upper  one,  which  fite  closely  to  the  lower  along  the 

lines  AB  and  BC,  can  bo  lifted  up  by  menns  of  two  i^uspenders 
l>cl  ami  Ee.  The  lamp  is  a]^o  covered  witli  a  >*niall  metallic  case 
from  which  a  chinmey  projectji  out.  A  fresh  supply  of  air  is  to 
h(  drawn  through  the  pipe  pp  from  outside,  while  the  colder  air 
within  the  outer  covering  can  escape  from  the  lower  side  of  the 
latter.  Further,  the  covcnng  is  provided  at  the  front  xide  with  a 
door  and  a  window  as  the  gates  for  the  recoi-d-receiver  and  the 
lamp  respectively. 

The  object  of  tin-  present  arrangement  is  to  warm  tliu  uj^pcr 
layer  of  air  within  the  two  covcrinirs  and  consequently  to  pn.'vent 
the  raidng  of  convectiuii  cuneut  within  the  inner  covering,  bincu 


• 


V 
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the  instruinont  was  covered  with  the  outer  casi  at  the  begiimingof 
the  last  month  it  has  not  almost  been  affected  by  the  air  tremorSi 
notwithstanding  the  season  was  hitheirto  an  unfavorable  one. 
During  this  experiment  the  free  vibration  period  of  the  boom  was 
kept  at  15  sec,  but  perhaps  it  can  advantageously  be  increased  to 
20  sec.  or  more  without  being  inuch  affected  by  any  residual  air 
tremors. 

Tokyo. 

April  1907. 
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Note  on  the  Kashgar  (Turkestan)  Earthquake  of 

Aug.  22,  1902. 

By 

F.  Omort,  Sc.  D., 

l£«mber  of  the  Imperial  Eaxtliq«iak«  InveetigatioD  Gominiltea^ 

1.  JMMmt  €>f*h€  MSarthqumke  Ori^lflu  According  to  a  map 
showing  the  isoseisinal  lines  of  the  earthquake  in  question*  given 
by  Mr.  A.  Voznesseiisky  in  No.  4  of  the    Bulletin  Sismique  de 

rObservaloirt.'  Magin'tique  et  Meteorologique  d'Irkoutsk,' '  the 
earth([uak('  origin  stieins  to  be  situated  at  about  latitude  o0°42'  N, 
and  longitude  TClC.  This  position  has  been  assumed  to  be  the 
source  of  disturbance  in  the  calculation  of  the  epicentral  distances 
of  different  stations. 

The  times  are,  unless  otherArise  stated,  always  given  in 
G.M.T. 

tite  Origin. 

(  i)  The  epicentral  distance  uf  Ta^chkent,  which  \va.4  iKurest 
the  centre  of  disturbance  is  only  5°2r,  the  time  of 
occurrence  of  the  earthquake  there  being  3''02"12'.  If 
we  assume  the  mead  transit  velocity  between  the  origin 
and  Taschkent  to  be  6  km  per  sec.,*  the  time  required 
by  the  vibrations  of  the  l$tt  preliminary  tremor  in  pass- 
ing  through  that  distance  would  be  91  sec,  giving  the 
following  vakie  for  tlie  time  of  occurrence  at  the  origin: 

<8=3*00"'41' 

•Tho-PobUcatlOM."  Ko.  IS. 
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F«  OinoH: 


(ii)  Taking  the  observation  made  in  Tokyo,  and  using  tlie 
formula 

we  find: — 

ti^Tvaae  of  occurxeocs  in  TokyossdH^d^SS* 
j/,=Daratiou  of  iBt  Prel.  Tremor:?  6~44' 

Taking  tlie  menn  of  tlio  iwu  al'ovi'  valiu's  t»f  ^q,  we  obtain: — 
Time  of  curtliquMko  occiirroiicc  at  tiic  origin, 

/,=»''oo'"4a'  (G,M.T.) 
».   Time      ofEiq.  Occurrence  at  the  it  liferent  Stufionn.  The 

following  table  gives  the  latitude,  longitude,  and  epicentral 
distance  of,  and  the  time  of  the  earthquake  occurrence  at,  each  of 
the  36  different  seismoiogical  stations,  where  the  shaking  was 
instrumentally  observed. 

Table  I.   Turkestan  EarUiquake:  Epicentral  Distance 
and  Time  of  Occurrence. 


Plioa. 


Origin...  

(i)  Tascbkent 


Colli  ba  (Bombay) 

Ixkatek   

Tiflis   

(ii)  Ilean ... 


Position. 
Latitudi*.         .  Lougituie. 


41' 19' 3  r  N 


H'  E 
69"  17' 42*  E 


18  53  45    N"    72  48  60  E 


52  16  —  N 
41  43  0&  N 


104  18  33  E 
44  47  51  E 


(iii)  Kodaikaoftl 
l^ikoUjev   


10  13  50  N  j  77  27  4G  E 
46  58  is    N  I  «1  58  27  E 


Epioentral 
Uietance 

Time  of  ko 
Occunvnco 
(G.M.T.)=t,. 

$•  42' 
3*  02-  12* 

5' 21' 

20  59 

05  24 

23  07 

05  24 

23  3C 

05  14 

tt  14 

8  •$  31 

2U  no 

3  04  48 

32  24 

07  00 

•Tlie'*6al1fltiii."N«.  1. 
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Table  X.  Cont. 


Poaitaim. 


Place. 


Pavlovsk . 
(iv)  Mean. 


Biulapest  

Laibacb   

Leipzij^   

iirist 

Hamburg   

Ischia   

Manila  

Catauia   

OaaJn  

Boccafli  papa... 
Qnarto-Castells 

StxaBslni]^  

Pavia  

Tokyo  

Ucde   

(v;  Meant  


LoagitodA. 


Ediubargh 

Sbide   

FlMsley  . 
Liverpool 
Batavia  ... 
(vj)  Mean.,. 


(vii)  San  Fernando... 


47  '21  29 
46  03  — 
51  20  0(5 
45  :iS  45 
53  m  55 

40  40  — 
14  34  41 
37  29  — 
3-J  42  — 

41  46  — 
43  49  11 

48  35  — 
45  11 

35  42  29 
50  47  53 


55  57  28 
50  42 
55  51 
53  24  04 
(>  OB 


N 

N 

N 

X 

X 

X 

N 

N 

N 

N 

N 

N 

N 

N 

K 


N 
N 
S 


19  03  55 

14  31  — 

12  23  30 

13  45  45 

10  01  19 
13  59  — 

120  58  33 

15  04  — 
135  31  — 

12  42  — 

11  13  11 
7  46  10 
9  09 

139  45  53 
4  21  44 


3  10  46 
1  19 

4  25 

3  04  IB 
100  50 


E 
E 
E 
K 
E 
E 

i: 

E 
E 
E 
£ 
E 
E 
E 
£ 


W 

W. 

w! 

E 


51)"  41'-"  N    30"  29' 15"  E  '^-i'SS' 
  I   n  30 


36  27  40   N     6  12  19  W 


41  02 
44  22 
44  34 

44  59 

45  35 
40  22 
Hj  34 

46  44 
40  4B 

46  54 

47  15 

48  06 
46  13 

49  32 
49  35 
46  26 

52  24 

53  02 
53  05 
53  09 
53  56 
5$  07 

62  23 


Time  of  Sqke 
Occanenoe 
(G.H.T.)-f]. 


3"  07"'  48 

S  07  24 

3  09  20 

0(5  50 

OS  01 

08  17 

05  55 
10  05 
00  04 

08  59 

09  04 

06  30 
08  53 

10  00 

08  52 

09  33 

09  06 
I  08  54 

3  09  30 

10  12 
10  10 

09  54 

3  00  54 

3  09  06 
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Table  I.  CoNt, 


Place. 


Forition. 


Leogitode. 


Kpicentnl  'Time  of  Eqke 
<a.ll.T.)-#i. 


— at. 


rertb(WJL)   

52' 

n 

S 

115'  50' 

 « 

E 

80' 

32' 

3" 

la-" 

36' 

56 

03 

s 

18  28 

41 

E 

90 

47 

U 

48 

VictoriA,  B.C  

48 

27 

N 

123  22 

W 

90 

12 

16 

00 

« 

89 

36 

N 

79  23 

24 

W 

93 

43 

25 

48 

39 

17 

48 

nr 

76  37 

12 

w 

97 

08 

24 

30 

87 

10, 

1 

s 

14 

48 

(•ExdudiHl) 

43 

31 

s 

172  37 

18 

E 

120 

17  ; 

3 

20 

3d 

WelliDgton*   

41 

17 

s 

174  47 

E 

120 

39  ! 

29 

00 

131 

'"i 

1 

8 

20 

88 

(*J£xoepted) 

31 

26 

s 

64  12 

W 

146 

52  ' 

3 

19 

30 

l-irifpagatiim  leUwUif  r,,  micuiaU-d  "  inference  MetlmdJ '  The 
mean  group  values  of  the  epiceiitnil  distance  (or)  and  the  cor- 
responding time  ((|)  of  earthquake  occurrence  are,  according  to  the 
above  table,  as  follows: — 


(  i  ) 

x=  5° 

21'; 

<^=3"02"12' 

(I  station) 

(ii) 

22 

34 

3  05  21 

(3  stations) 

(iii) 

21> 

30 

3  04  48(?)(1  ) 

(iv) 

MO 

3  07  21 

(•2  ) 

:  V ) 

Hi 

H  OS  :>\ 

(15    »  ) 

(vi) 

:v,\ 

07 

3  Oi)  54 

(5     «  ) 

(vii) 

02 

23 

3  O'J  0(3  (?) 

(1  ) 

(viii) 

87 

1() 

3  14  4s 

('>     »  ) 

(ix) 

120 

17 

3  20  3() 

(I  ) 

146 

52 

3  11)  ao 

(1  ) 
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The  values  of  the  velocity  «,  calculated  by  combining  the 
gioup  (v)  with  the  others  are  given  in  the  following  table: — 

Velocity  Vi  C&lculated  by  "  Difference  Method." 


ConbiOAttob  of 

OlQUI*. 

dz 

(v)-(iv) 
M  -(ii) 
..-{>) 

(viMv) 

(viii)—  „ 

/(«)_ 
l(  X  )  *• 

12°  55' 
23  52 
41  05 
6  41 
40  44 

87  09 

3  33 
6  42 
1  00 
5  54 

11  09 

l5.y 

12.4 
11.4 
12.4 
12.8 

R4 

The  average  of  the  velocity,  deduced  from  tho  G  differeut 

values  contained  in  the  above  table  is 

ri=13.3  kin/sec.  ' 

This  is  to  be  regarded  only  as  a  rough  approximation. 

4.  MfuraHon  9^ihe  iMt  JPirettminaru  IVemor.  Tabic  II  gives 
for  a  number  of  stations  the  epicentral  distance  and  the  duration 
(jf,)  of  the  1st  preliminary  tremor. 


Table  II.   Turkestan  Earthquake:  Duration  of  the 
Ist  Preliminary  Tremor. 


Place. 

Kpicoiitml  Diittaaee 
—x. 

Dunttion  of  1  at  PreL 
Tremor =j/i. 

20°  59' 

a""54* 

29  30 

5  06 

♦5  06 

28  ii 

5  Hi 

44  34 

7  35 

4G  4R 

7  12 
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Table  II.  CoHt. 


Place. 

Kpicfntral  l-iistaorc 

'  J'. 

Duration  of  Ist  iVf  1. 
Trt-wor-  »/]• 

1 

^\         _    ..A             g  ^            L  11 

i  ^  a  1  »■  f 

47  |;> 

7'"S9' 

fll—  1 

49  3-2 

0  44 

«  m 

4i  0:! 

7  18 

5"J  24 

8  00 

5:^  56 

H  00 

h%  10 

8  n 

(•.2  2>{ 

10  12 

«.I0  47 

0  30 

Baltinjoiv   «  

97  08 

H  4S 

120  17 

20  ;{6 

I4'j  52 

21  42 

M.ean   

21  (19 

Taking  provisioDally  only  the  4  moan  j^'ioiii)  values  of  tlie  r 
and  the  corresponding  contained  in  Table  11,  and  calculating  by 
the  method  of  Least  Squares  the  constants  of  a  linear  equation 
assumed  between  thctio  two  quantities:,  >vc  obtain  the  following 
result: — 

(for  3t  between  W  and  IM*) 

Tliu  above  equal idii,  wliicli  is  to  be  regiU'ded  as  heing  only 
roughly  approximate,  relates  to  the  obi<ervation  of  the  Turkestan 
earthquake  at  different  places.  (Compare  with  a  similar  equation 
for  the  San  Francisco  earthquake  of  April  18,  190G,  given  in  the 
BnlMn,  No.  1.) 
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Tilting  of  the  Ground  during  a  Storm. 

By 

F.  Omori,  Sc.  D., 

Member  of  tlie  IiD^rial  EartU^oake  Investigation  Committee. 

1.  Ill  the  "  Publications  of  tlx?  Earthquake  Invosti^ation 
Committee",  No.  21.  I  have  described  au  EW  horizontal  pen- 
dulum or  "  tiltometer "  diagram  obtained  in  Tokj  o  during  a 
Storm,  on  Oct.  10th  and  11th,  1(K)4,  which  shows  the  tilting  of 
the  ground  to  an  amount  of  3i".  Fig.  1,  PI.  XL,  illustrates  a 
simUar  case  of  the  tilting  of  the  ground  observed  on  Jan.  10  and 
11,  1906,  in  Tokyo,  with  the  EW  component  horizontal  pen- 
dulum, whose  reciuilint;  cylinder  makes  one  revolution  in  24 
houi>.  rho  instrument,  which  is  set  up  in  the  brick  "  Earthquake- 
proof  House  "  in  the  University  Compound  (Hongo),  is  of  llie 
following  specifications: — 

length  of  the  strut,  or  the  horizontal  distance  between  the 
pendulum  axis  and  the  centre  of  the  heavy  bob •^L*" 76*". 

Period  of  the  pendulum  when  suspended  vertically»To— 1.74 
sec. 

IVriod  of  the  horiz.  peiidiiluin  as  actually  set  up=T=o3  sec. 
Multiplication  ratio  of  tlu*  i»ointer=ii==20. 
1mm  displacement  of  the  writing  index*^ 

r«i  X  n  X  «n  I*  X  =0."0a85 
T* 

2.  The  IVeafher  ttt  Toliuo  on  Jau.  lO  a«mI  11,  lOOA.*  The 

foUowing  table  gives  tlie  hourly  values  at  Tokyo  on  Jan.  10th  and 


*  The  times  are  givm  iu  lot  Nurmal  Japan  'iime,  or  that    longitude  135°  E. 
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11th,  K»00,  of  the  atmospheric  pressure,  wiiul  velocity,  and  the 
amount  of  precipitation. 


JBarometrio  Froanuw,*  Wind  Vekraitar,  and  PreoipltatioiL 
Tokyo,  Jan.  10  and  U,  1908. 


Hour. 

Jan.  10th. 

Jan.  nth. 

Wind 
Vflloeitr. 

PreMuie. 

Wind 

in  in. 

mm. 

700  + 

m/8e<;. 

mm. 

700  + 

Di/sec. 

mm. 

1     A  TIT 

09.6 

2.8 

— 

58.1 

3.3 

1.7 

a 

(B 

09.4 

2.2 

— 

51.1 

2.8 

1.1 

Q 

69.3 

3.3 

— 

49.3 

2.2 

3.9 

4 

68.6 

3.3 

— 

46.5 

3.3 

4.8 

0 

68.3 

24 

— 

44.6 

3.5 

a4 

A 
U 

08.1 

:17 

— 

42.7 

5.0 

22.0 

7 
1 

07.9 

:17 

— 

42.3 

9.0 

0.7 

0 

07.8 

3.7 

42.0 

7.9 

0.3 

n 
9 

67.4 

2.8 

0.0 

42.9 

3.3 

10 

67.2 

2.3 

0.0 

43.5 

2.0 

0.0 

1 1 
1 1 

66.0 

OJH 

43.9 

2.8 

Koon. 

64.3 

0.8 

43.8 

1.6 

1  P.M. 

63.3 

0.8 



i  43.4 

5.0 

2 

02.0 

1.1 

j  44.0 

7.4 

3 

02.2 

1.1 

1  45.1 

11.0 

4 

01.6 

1.0 

j  40.3 

8.5 

5 

60.9 

0.9 

46.7 

8.8 

6 

60.3 

1.1 

0.0 

47.6 

10.3 

7 

59.8 

1.0 

0.0 

48.3 

9.0 

8 

59.0 

2.4 

48.4 

10.8 

9 

57.7 

1.8 

0.0 

49.2 

9.4 

10 

.57.1 

1.8 

0.6 

49.0 

0.3 

11 

55.8 

2.4 

0.2 

49.2 

5.0 

Midnighi. 

54.2 

2.4 

0.2 

49.2 

3.3 

(*  Bedu  L I  <  Ills  t  >  tbti  fieoting  point.  Rednctioii  to  itRiiidAn)  ijTkvitjr  =-  -.0,6SniB,  tbut  to 
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As  will  be  seen  from  the  ab»jve  table,  the  barometric  pressure 
was  7G9.G  mm  at  1  a.m,,  on  th(?  lOJh,  thence  gradually  decreasing 
to  744.6  mm  at  5  a.m.,  on  the  lltb.  The  pressure,  which  reached 
the  minimum  of  742.3  mm  at  7  a.m.  on  the  latter  day,  remained 
low  and  less  than  744  mm  for  the  next  6  hours.  The  wind  velocity 
reached  a  maximum  value  of  9.0  m/sec.  nearly  at  the  moment  of 
the  lowest  barometric  pressm-e,  although  greater  values  of  10.3  to 
11  m/sec.  wore  reachod  ut  Itelweon  '4  and  8  p.m.  of  the  11th.  The 
maximum  liourly  amount  of  the  precipitation  was  22  mm  and 
occurred  between  5  and  0  a.m.,  on  the  11th. 

The  cyclone,  which  caused  the  storm  in  question,  first 
appeared  in  the  morning  of  the  10th  of!  the  south-eastern  coast  of 
China  and  already  approached  the  west  coast  of  Kyushu  on  the 
afternoon  of  the  samd  day,  thence  progressing  in  an  EEN 
direction  i\\ong  the  Inland  Sea.  The  centre  of  depression  passed, 
at  7  a.m.  on  the  llth,  betweuii  Tokyo  and  Yokohama,  thence 
moving  over  the  Pacific  in  a  NXK  direction,  and  :ipi>roaching 
the  north-eastern  part  of  Hokkaido  on  the  afternoon  of  the  same 
day.  The  lowest  barometric  pressure  of  724.6  mm  was  registered 
at  10  and  11  p. m.,  on  the  llth,  at  the  meteorological  observatory 
of  Shana  (Kurile  Islands). 

3.    Tiltina  of  the  GronnA  and  PtUnatory  Omettiaiionm.  The 

"  pul<at<)iy  r*>(  illati()iis  "  began  to  appear  gradually  at  4  p.m.,  on 
the  lUth,  accompanied  by  a  -light  tilting  of  the  ground  towards 
E.  At  4'' 60"  a.m.  on  the  Uth,  (marked  a  in  Fig.  1),  the  rate  of 
the  eastward  inclination  began  to  become  quicker;  the  maximum 
displacement  of  the  pointer  of  the  tiUmeter  in  the  same  direction 
being  reached  at  5*  56""  a.m.,  on  the  same  morning.  This  moment  is 
marked  h  m  the  figure,  the  actual  trace  on  the  diagram  amounting 
to  21  imii,  which  is  equivalent  to  0".81.    At  the  same  time  the 
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pulsator}'  oscillations  became  very  active,  aiul  rcadud  a  maximum 
range  o!  0.2  mm.  Then  there  began  the  tiltihg  of  the  ground 
towards  and  the  maximum  displacement  of  the  pointer 
(marked  c  in  the  figure)  in  that  direction  occurring  at  8*  31"*  a.m. 
on  the  1 1th.  The  total  or  double  amplitude  of  the  tilting  oscilla- 
tion amounted  to  74.(»  iiini  or  2. "87. 

After  8'' ol"  tlie  tilting  bcsiJU)  to  turn  towjinls  K  jigain.  the 
pulsatory  osciilutioiis  Ijcconiiug  at  tlu*  same  time  still  more  active. 

The  pointer  reached  its  normal  position  at  about  15"'  p.m., 
on  the  11th ;  the  pul$«atory  oscillations  continuing  active  (maxi- 
mum range=0.25  mm)  till  thai  time. 

Fig.  2  and  Fig.  3  give  the  rocowls  furnishtK:!  by  a  hoiizontal 
pendulum  tromometer  of  inultiplicntion=r20,  nl-o  .set  up  in  the 
**  Kaithquake-proof  House  ,  for  a  few  minute.>  interval,  respec- 
tively at  about  2  anil  4  a.m.,  on  the  1  Itli.  Tlie  elements  of  motion 
were  as  follows; — 

{2  a.m.  (1  Itb)  max.  range— 0.17  mm,  i>eriod=().2  sec. 
4    „  =0.15      .  G.4  . 

4.  From  2  and  3,  it  will  be  seen  that  the  extreme  elonga- 
tion towards  E  {h  in  Fig.  1)  coincided  with  the  epoch  of  the  gi'ea- 

test  rainfall,  and  that  tin-  leniarkalde  \\f-t\\;!nl  lilliiii;  iVuui  /'  to 
nearly  eoinoidi'tl  with  the  time  interval  during  wiiieh  the  atmos- 
pheric ]>ressiirt  wn?  Iftwest,  namely.  l)etween  0  and  U  a.m.  (on 
the  nth).  Now  the  existence  of  a  barometric  depre£»iiion  on 
Musashi,  Shimosa  and  Hitachi  plain,  or  the  district  lying  to  the 
east  and  north-east  of  Tokyo,  would  cause  this  part  of  the  earth's 
surface  to  rise  uj),  the  consequence  being  that  there  ought  to  be 
.1  we.stward  imliiiation  {i>i )  at  Tokyo  tiiul  the  neighluuuh.ood.  A 
similar  explanation  i.s  applicable  to  the  eas^tward  inclination  {al). 
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Fig.  1.  EW  Tiltonwler  Becoid.  Jan.  11, 1906;  HongO,  Tokyo. 


Pulsatory  OscillattoDs,  Obaervad  ftt  BongO,  Tokya  Jan.  11, 1906.  £W  Component. 
Multiplication^:  120. 


Time'. 
A  \- 


Fig.  2.   About  2.  A.  M. 


4- 


[(  -    /  ntcn^.  -  -:>j 

^  


Fig.  8.  About  d.  A.  M. 


;  1 1 
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The  demonstration  suggested  above  is  rather  opposite  to  that 
used  for  the  case  of  the  tilting  observed  in  Tokyo  on  Oct.  10  and 
11,1904.  The  discrepancy  probably  lies  ill  the  fact  lliut  un  the- 
latter  occasion,  the  depix^isiuii  muxed  entirely  over  the  Pnoific  at 
a  distance  of  s^everal  hundred  kin.  from  the  coast,  while  in  the 
present  case  the  track  of  the  cyclone  was  entirely  over  the  land, 
from  its  first  entrance  in  Kyushu  to  its  passage  into  the  ocean  at 
the  coast  of  Hitachi. 

Tiltometer  observations  of  the  effects  of  the  barometric  pres- 
sure simultaneously  in  two  rectani^nlar  horizontal  directions  seem 
to  be  very  interestinji  in  connection  with  the  question  of  the 
rigidity  of  the  earth's  crost. 
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The  Deflection  and  Vibration  of  Railway 
Bridges,  md  Paper. 

By 

F.  Omori,  Sc.  D., 

Member  of  ibe  Imperial  EwrChqaake  InTesUgation  Committee. 

1.  liUroaueiion,  In  No.  9  of  the  ritblkatims  of  the 
Eartiiqwdce  InvtsttgaUon  Committee  in  Foreign  Languages,  I  have  given 
an  account  of  the  measurements  of  the  deflection  and  vibration 
of  eleven  railway  bridges,  with  tloscription  of  the  instruments 

employed.  Since  then  these  experiments  have  been  greaitly 
extended,  and  in  tlie  course  of  I'JOl  and  l'J02,  (In  n)Ovenientd 
of  the  2-1  different  girders  and  trusses  on  the  Governnjent,  tlie 
Nippon,  and  the  Kwanssei  Hailways  have  been  examined.  AU 
tlie  trusses  were  throwjh  in  construction  except  tht;  two  similar 
105'  Pratt  trusses  of  the  5th  Aizawa-i^iica  and  the  Kami  \}&xi-gawa 
bridges  which  were  (loA  in  construction.  All  of  these  bridges, 
most  of  which  are  constructed  according  to  the  Imp.  Jap.  Gov* 
Hallway  Standard,  are  for  single  track.  In  a  few  case^:,  the 
vibration  of  the  bridge  piers  have  also  been  recorded.  The 
present  note  gives  a  tabular  httiltinent  of  the  result.s  of  these 
measurements;  the  full  report  will  be  given  in  a  future  number  of 
the  PvbUeatiotts. 

s.  Mtuirumettim,  The  measurement  of  the  deflection  and 
vibration  of  the  bridge  trusses  and  girders  was  done  with  the  same 
Instruments  and  in  exactly  the  same  way  as  in  the  preceding  series 

of  experiments  For  takiug  the  direct  measurenK'nl  uf  tlie  total 
amount  of  the  dellection,  however,  a  new  self  recording  arrauge- 

\ 
\ 
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xnent  was  designed,  whose  niechanica]  details  an  given  in  PI.  XLI. 
This  instrument  consists  essentially  of  a  strong  wooden  board  (a), 
5  inches  bitKid  and  some  3  feet  long,  which  is  fixed  by  means  of 
proper  bolts  or  hooks  (ft)  to  the  girder  or  the  bottom  chord  of  the 

truss,  ["'roin  the  middle  of  the  pliite,  rises  a  wooden  post  (t)  nlxuit 
1' tail,  whose  top  Jbervcs  jiy  tlie  fulcrum  for  the  lever  {'I'').  One 
end  of  the  lattei"  is  stretelied  by  three  similar  powerful  spiral 
springs  (Jc)  fixed  vertically  to  the  plate  (a);  while  from  the  other 
end,  (i),  a  square  piece  of  wood  (f)  is  suspended,  which  is  to  be 
tightly  stretched  by  means  of  a  weight  (g%  (not  shown  in  the 
figure)  suspended  with  a  steel  wire  or  tai)( .  To  the  inner  side  of 
the  wood  piece  (d)  is  fixed  l>y  a  screw  a  small  thin  rectangular 
piece  of  wood,  (/i),  about  l"x .'»"  in  -i/.e.  against  which  presses  the 
point  of  a  pencil  (')  contained  in  a  guiding  tul)e  (/')  fixed  to  the 
base  plate.  The  tube  (/)  contains  at  its  end  a  small  spiral  spring 
liihich  presses  the  pencil  (0  forward.  Thus,  when  a  train  passes 
over  the  girder  or  truss,  the  latter  is  deflected  and  bent  down; 
while  the  small  plate  ('0  remains  always  in  its  position,  on  account 
of  the  stretching  due  to  the  weight  (;/)  and  the  springs  (A). 

The  pencil  (')  therefore  traces  in  the  natural  size  the  amount 
of  the  total  deflection  (i.  e.  statical  deflection  and  maximum 
vertical  vibration  combined)  on  the  plate  (/i).  The  latter  is  after 
each  experiment  to  be  substitued  by  a  new  one.  Except  for  the 
ease  of  mountain  torrent,  this  method  gave  generally  satisfactory 
results,  no  matter  how  deep  the  water  was;  the  weight  Qf)  consisting 
of  a  Qrlindrical  weight  of  lead  furnished  with  three  small  feet, 
which  together  weigh  about  15  kg.  TIr*  following  arc  some  of 
the  cases,  in  w  bit  Ii  t!ie  deflection  was  measured  both  din  etiy  by 
the  above  mentioned  cn?»tn\ nnc  e,  and  by  the  vertical  motion 
K'ii^mograph  (defieetomeler)  set  up  on  the  bridge  itself: — 
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DsflcetioB 

Dt^flection 
moaaii  red 

hy  vert. 

Bonurki. 

dinct);. 

Qi-gatoa,  (  200' Double 
(TokaldoRy.)  I  Warren  Gtrf. 

Do. 

Ihi-gawa 

(EwaiMoiBy.) 


Do. 


Mean. 


24.0 

19.0 
18.0 

19.0 
20.0 


r 


2G.2  mm 

21.0 
17.4 

17.6 
20.; 


j  I'aseetiger  ttain,  with  ^engines 
liNos.  608  and  2  at  head. 

1 

I  Mixed  trdin,  with  2  engines 
liNos.  610  and  113  at  head. 

i Passenger  train, 
^  Engine  Ko.  44. 
I  f  Passenger  train, 
llEugiue  No.  41. 

i  


3.  JI«JleefloM  nnd  VibraHa»  the  SHdge  Giraerm  mUi 
iVttMe*.  Table  II,  which  onibodies  the  results  of  the  second  series 

of  the  tlt'riection  and  vjl  iMfiun  im  afcUieiuenls,  ^iiives  for  eaeli  of  tho 
bridge  girder-^  and  trus.-^cs  the  diiYcrcnt  elements  of  the  >\  >  nient; 
the  experiment  liaving  lieeii,  e.xcept  in  a  few  case?:,  repeated  2  to 
21  tijnes.  Table  III  gives  n  general  sumDtniy  of  the  results  of 
measurements  contained  in  Table  II,  namel3',  tlie  absolutely 
greatest  and  mean  maximum  values  of  the  deflection,  double 
amplitude,  and  period,  for  each  case.  Table  I  gives  a  list  of  the 
l<:ioomolives  wliieli  pa^^^l'd  (iVL*r  the  different  Inidi^cs  <hninj^  the 
expel  inients.    Tlie  tt-rm.s  ilrth'iium.    and    inttcdl,  rH'  and 

loiiifitudiniil  cihrnttoits,  wlneh  are  usc'<l  in  the  »<ame  senses  as  here- 
tofore and  refer  to  the  middle  of  the  bottom  side  of  a  girder  or 
truss,  are  defined  as  follows: — 

The  dejict'tioH  is  the  total  amount  of  bending,  which  is 
equivalent  to  the  sum  of  the  statical  bending  and  the  maximum 
vil'ration  amplitude. 

Tlic  frrlkal  libraUoii  is  the  np  and  <lo\vn  quick  movement, 
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whose  perioil  depends  on  each  girder  or  truss;  wliilc  the  transverse 
and  tlie  longiiudiiuU  vibrations  axe  the  movements,  which  take  place 
in  the  horizontal  plane,  and  whose  directions  are  respectively 
perpendicular  and  parallel  to  the  length  of  the  bridge.  For  each 
class  of  vibmtions,  the  range  of  motion,  or  double  amplitude, 
and  the  period  (that  is  to  say,  the  complete  period)  are  denoted 
respectively  by  iliu  ^;yml)ols  2a  and  T. 

Tile  values  of  the  deliecLions  given  in  Tal>les  11  und  III 
have  been  obtained  as  follows  measured  by  the  deflectometer 
alone  in  the  cases  of  a  70'  plate  girder  of  the  Tone-^toa 
(Mtiebashi),  the  tliree  100'  WaiTeu  giiders  of  the  Kuji-j^i«Ki,  the 
2nd  Sakawa-(/atoa  and  the  3rd  Sakawarjjfatpa  bridges,  the  120'  Pratt 
truaj  of  the  l\y\-ijawa  bridge,  the  two  similar  105'  Pratt  deck  trusses 
(up  line)  of  the  5th  Aizawa-(/'<u'«  and  the  Kami-Usui-jf(»ra  bridges, 
and  the  200'  Pratt  tras.-5  of  the  YAzn-ijawa  bridge:  (2),  measured 
directly  by  the  contrivance  before  described,  iu  llie  cases  of  the  20' 
plate  girder  of  the  Tone-j/tnra  bridge  (Toride).  tlie  70'  plate  girder 
of  the  Kizu-jrawa  bridge,  the  100'  Warren  girder  (one  nearest  the 
Kasagi  end)  of  the  Kiva-gawn  bridge,  the  105'  Pratt  truss  (down 
line)  of  the  5th  Aizawa-flpwm  bridge,  a  200'  Double  Warren  girder 
(Truss  No.  14)  of  the  O'l-fjuwa  bridge,  the  200'  bow-string  truss  of 
the  or<l  Ai/a\va-'/<'ia  bridge,  and  a  200'  Double  Wairen  girder 
(No.  1)  of  tlie  Tone-ycvt  bridge  (Toride);  and,  (3),  measured  botli 
by  th.  (lertectonieter  and  directly  by  the  iianie  contrivance  as  in 
(S),  ill  tlie  remaining  4  cases. 

The  period  of  the  longitudinal  vibration  which  was  generally 
too  quick  to  be  distinctly  measured  by  our  instrument,  is  not 
given  in  the  tables. 

The  (tifterish,  affixed  in  Table  III  to  tiie  names  of  some 
of  the  bridges  signify  ilmt  the  values  of  the  deflection  and 
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the  vibrations  given  there  are  those  caused  by  the  passage  of  the 
heaviest  engine  or  train  which  pass  over  those  bridges  in  the 
present  state  of  the  traffic  on  the  different  Japanese  railways. 
In  Table  III,  the  absolately  greatest  among  the  different  values 

of  a  given  element  of  motion  in  each  column  are  printed  in 
fat  letters. 

A  photographic  pictiiie  of  the  coutrivauce  for  directly  measur- 
ing the  deflection,  described  in  §  2,  is  given  in  PI.  XLII. 
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TABLE  II. 
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TABLE  1IL~SUMMARY  OF  THE  DEFLECTION  AND  ViftRATION 

MEASUREMENTS, 
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From  Table  III,  we  see  that  thd  absolutely  greatest  amount 
of  the  deflection  reached  29.5  inm  in  the  case  of  one  of  the  200' 
double  Warren  guders  of  the  Tone-f^«ra  (Toride)  bridge,  and  the 
next  gi'eatest  amount  of  25.4  mm  occurred  in  the  case  of  one  of 

the  105'  Vvalt  deck  truss  of  the  No.  5  Aizawa-j/«"*"  bridge;  each 
having  taken  place  under  the  passage  of  two  tender  engines  in 
series.  The  gicatest  vertical  vibration  of  i).2  mui,  whicli  occurred 
in  the  case  of  the  ICami-Usui-t^wa  105'  truss,  similar  to  that  of 
the  last-named  bridge,  was  produced  by  the  passage  at  a  velocity 
of  17  miles  /  hour  of  an  Abt  engine  of  53*  12°  coupled  to  a  break- 
van;  the  maximum  vertical  motion  of  a  girder  or  truss  of  long 
span  generally  occurring  with  a  titiin  running  at  a  comparatively 
slow  speuil.  The  next  greatest  vcrliral  sibratinii  of  8.r>  mm 
occuiTed  in  the  case  of  the  firsl-meiitioned  Touki-yan't  britlge. 
From  these  iigui*es  it  will  be  readily  understood  that  the  vertical 
vibration  forms  an  element  of  the  biidgo  motion  of  a  considerable 
importance.  The  period  of  the  vibration  varied  from  about  0.2 
sec.  for  plate  girders  to  nearly  0.6  sec.  for  the  200'  double 

Warren  girders. 

The  two  greatest  transverse  vibrations  of  15.0  and  12.4  mm 
occurred  respectively  in  the  cases  of  the  Kami- Usui  (fawa  105'  deck 
Pratt  truss  and  one  of  the  200'  douljle  Warren  girders  of  the  Oi- 
gatta  bridge;  the  viI>ration  period  of  former  hridge  reaching  an 
extraordinary  length  of  nearly  H  sec.  The  lengtli  of  tlie  trans« 
verse  period  was  generally  mora  than  double  tlie  vertical  period. 

The  longitudinal  vibrations  were  always  very  quick,  and 
was  not  able'  to  satisfactorily  measure  their  periods  with  the  instm- 
ments  tlien  used.    Tlie  amplitude  of  theso  movenients  was  small, 
varying  between  O.U  and  2,7  nun  Un-  the  dilleient  girders  and 
trui«ses.    in  virtue  of  the  great  intensity  or  violence,  the  longi- 
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tudinal  motion,  although  small,  must  play  an  important  part  in 
the  prooess  of  loosdning  the  rivets,  or  wearing  the  joints,  and  its 
study  will  prove  of  groat  value  in  connection  with  the  strength  of 
the  bridge  structures. 

A  careful  i^tudy  of  the  results  of  tlie  mesisurements  given  in 
Tables  II  and  III  will  disclose  many  inten  sting  points.  Amongst 
others,  it  will  be  observed  that  a  weak  bridge  has  a  larger  range 
(double  amplitude)  as  well  as  a  longer  period  tiian  a  strong  bridge, 
the  vibration  elements  being,  so  to  speak,  the  indices  of  the 
strength  or  quality  of  a  given  elastic  structure. 
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Horizontal  Tremor  Recorder. 

By 

F.  Omori,  Sc.,  D., 
Member  of  fbe  Impetial  Eairtiiqaake  Invartigidiaa  Commtttee. 

In  the  Publications,  No.  18,  I  have  described  a  form  of  hori- 
zontal tremor  recorder  designed  to  measure  the  small  vibrations  of 
the  ground  due  to  ardiidal  causes.  Smce  then  several  instru- 
ments of  the  same  type,  adapted  to  a  continuous  seismic  legistitb- 
tion,  have  been  constructed,  the  two  horizontal  component 
vibrations  being  written  on  a  smoked  paper  wrapped  round  a 
revolving  oyliudiT  in  the  usuul  way.  These  seismographs,  with  a 
niaguification  of  about  100,  set  up  in  the  Mount  Tsukuba  and 
Osaka  ^fotonrological  Observatories  proved  very  n^  'ful  in  the 
observation  of  near  earthquakes,  or  those,  say,  of  the  epicentral 
distance  under  1000  km. 

Hie.  upper  picture  on  PI.  XLII  represents  a  sin^e  component 
"tremor  recorder,"  whose  heavy  bob  is  32  kg  in  weight,  and 
wliich  magnifies  the  motion  200  times. 

AIt!ion::li  tho  observation  of  tbe  teleseisTuic  distiirbnnce  is 
very  important,  it  must  not  be  forgotten  that  the  ciiief  interest  of 
the  earthquake  measurements  is  in  connection  with  the  study  of 
local  shocks.  For  an  earthquake  countiy  it  will  be  more  to  the 
purpose  to  provide  the  different  stations  with  the  "tremor 
recorders,**  or  similar  instruments,  together  with  ordinary  seismo- 
graphs for  the  observation  of  the  macro-seismic  disturbance;  the 
insirunicnts  for  the  study  of  the  teleseismic  motion  being  sot  up 
only  at  a  few  standard  observatories. 
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Long  Period  Horizontal  Pendulum. 

Br 

F.Omori,  Sc.  D., 
MmdW  of  Hm  ImpernI  EaTthqnaike  InTostigiitlon  Committee. 

For  tilt'  observation  of  slow  vibrations  occiirrini^  in  the 
teleseismic  motion  it  is  necessary  to  bring  the  "  stt  ady  mass  of 
a  seismograph  sufiicieiitly  near  to  the  state  of  neutral  equilibrium, 
so  as  to  make  the  natural  oscillation  period  of  the  instrument 
much  longer  than  that  of  the  earthquake  movements.  In  the 
case  of  a  horissontal  pendulum,  this  amounts  to  minimizing  the 
angle,  f,  formed  between  the  vertical  and  the  axis  of  the 
pendulum,  or  the  linr  jnininsj;  tlu-  points  of  support  and  of 
suspension  of  the  latter.  Now,  as  the  tendency  of  the  pendulum 
to  become  unstable  depends  on  the  smallnt-ss  of  the  horizontal 
distance  between  the  points  of  support  and  of  suspension,  we  can, 
by  increasing  the  vertical  distance  between  these  two  jioints, 
lessen  the  angle  ^  and  thereby  increase  the  oscillation  period, 
without  throw  ing  the  pendulum  out  of  the  stable  condition.  If 
the  length  of  the  horizontal  strut  be  about  1  metre,  and  the  verti- 
cal height  of  the  iiendulum  he  2?.  to  :{  nietn's,  the  oscillation 
period  can  l>u  raised  to  aliout  3  inin.*;  the  mass  of  the  heavy  bob 
emi)loyt'd  being  about  50  kg. 

PI.  XLIII  represents  a  horizontal  pendulum,  temporarily  t-et 
up  in  the  Seismological  I^aboratory;  the  insbnimental  constants 
being  as  follows  :— 

•  Sue  lilsu  tlio  I'M-eiiiini*.  Ho.  4. 
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A  LonR-perio3  Horizontal  Pendulum. 
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Weight  of  the  bob=:50  kg. 

Iieogkh  of  the  hoxizoDtal  8bnit=l  metre. 

Yerycal  height  di  the  peodnlnmBd  metres. 

ftoiiiter  malti|^icfttione>dO. 
The  pendtdum  can  be  adjusted  without  difficulty  to  an  oedUation 
period  of  about  2"  15'. 

The  recording  apparatus  has  rec^ved  a  notable  imprtivement 
In  the  hand  of  IJ.  T.  H.  Prince  Yama^^hinii,  who  Lukes  a  keen 
interest  in  meteorological  ami  seismolugieai  ol>scrvations.  The 
mechanism  is  so  arranged  that  the  cylinder  can  he  quietly  rollc  d 
away  horizontally  and  normally  o  its  axis,  enabling  us  to  take  off 
or  put  in  the  position  the  record-receiver  without  affecting  the 
writing  pointer. 
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Seismographic  Diagrams  of  the  Local  Earthquake  of 

June  iz,  1907.* 

By 

F.  Omori,  Sc.  D., 

Member  of  tL«  Imperial  £attliq<iake  luvestisatiou  Camiaittoe. 

1.  Area  •f  l»Martaii«e.    The  eartliquake  of  June  11,  1907, 

at  8''  50'"  2r  a.m.  (Hoiigo,  Tokyo)  \v;ls  fult  inoclerately  or  strongly 
in  tho  vicinity  of  Tokyo  over  an  aroa  al)OUt  200  km  in  loiif^h 
aud  about  100  km  in  widtli.  The  axuA,  within  which  the  motion 
wa.**  sensible,  strctch(;(l  from  near  the  northern  end  of  the  Main 
Ishmd  to  the  vicinity  of  Osaka,  over  a  distance  of  nearly  900  km. 
(See  Fig.  1,  PL  XLIV.)  In  Tokyo,  the  earthquake  was  of  a 
moderate  intensity,  and,  although  no  damage  was  caused,  it  was 
the  strongest  next  to  the  severe  shock  o!  Feb.  24,  1906. 

9.  Poirittoii  or  tlifi  Kqke  Orlieiii.  TIm' <luralion.s  of  the  preH- 
minary  tremor  at  Tokyo,  Mito,  ami  -Mount  T-sukuba,  were  respec- 
tively 8.5  sec,  U  sec,  and  7.2  sec.  The  circles  drawn  about  these 
places  and  centres  with  radii  equal  to  thv  <  01  responding  epicentral 
distancest.  meet  each  other  near  the  origin  of  disturbance,  whose 
approximate  position  is  ^=140**45',  s?— 35^S0',  at  about  100  km  to 
S78*E  of  Tokyo.  (See  Fig.  1.)  In  Tokyo,  the  shock  was  preceded 
by  a  dight,  but  distinct  sound. 

S*  microRCismosraph  Records.  Fiijs.  2,  ;>,  and  4  (PI.  XLV) 
give  the  KW,  vertical,  aud  NS  component  diagrams  furnished  by*- 

•  The  timca  ore  givea  in  tbo  1  t  X,  miai  lapan  Timr,  namoly,  that  of  115'  E. 
t  Calculated  aooording  to  the  f^ruiuia  x^=7.'SI        +3S^^>>>,  where  x  is  tbe  epioentzsl 
dirtHUMandf  IB  the  duration  of  tbd  totet  pnliiuiuiiy  tr«mor. 
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the  respective  microseismographs.  The  iDstnimental  constants 
are: — 

EW  Multiplication =10 ;  Pendulum  penod=28  aec. 

Vertical    „        =12;         „  =4  „ 

KS  ,       =30;  =48.5 

It  will  be  observed  that  the  preliminary  tremor  was  suddenly 
followed  by  the  maximum  vibration,  the  two  displacements  of  the 
latter  being  as  follows: — 

1st;  motion  =  5. 1  mm,  toward!?  STO^K  ; 

Thus  the  very  first  displacement  of  the  principal  portion  took 
place  approximately  towards  the  earthquake  origin,  while  the 

counter,  or  maximum,  (li>!placemeTit  was  directed  away  from  the 
latter.  The  vilnation  in  qni  >ti(>ii  lielongs  evidently  to  the  '  longi- 
tudinal wave,  '  its  mean  tlirection  of  ►SGT'E — NGT^W  bcijig  not. 
much  different  from  the  epicentral  direction  from  Tokyo.  For  tlie 
next  1*"  20*,  the  motion  remained  active,  the  total  duration  being 
about  20  min.  The  comparative  shortness  of  the  duration,  in 
fipite  of  the  large  amplitude  of  the  principal  vibration,  is  the 
characteristic  of  a  local  shock. 

For  the  sake  of  compari.^on,  I  give  in  Fig.  4  (PI.  XLV)  the 
EW  component  diagram  of  tlie  moderate  earthquake  of  June  23, 
1002,  at  1^  42'"  42'  a.m.,  recorded  at  llongo  l>y  the  same  instru- 
ment 38  in  Fig.  2.  It  will  be  ob8er\'ed  tliat  Figs.  2  and  4  are 
almost  perfectly  identical  to  one  another;  the  two  displacements 
composing  the  maximum  vibration  at  the  commencement  of  the 
principal  portion  of  the  earthquake  here  considered  being  respec- 
tively 5.7  mm  towards  E,  and  7.0  mm  towards  W. 

Figs.  6,  7,  8,  and  0  (I'l.  XLVl)  are  the  KW  component 
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dtagrama  of  the  earthquake  (Jane  11,  1907)  furnished  by  horizon- 
tal pendulams,  as  follows:-^ 

Figs.  6  ..Bongo  (Tokyo).  MaUipliGfttion=:33 ;  PenJalum psriolslLS  S35. 

Figs.  7   (        )  „  -13;         „  «61.5  « 

Figs.  8...Hi(oUiibMhi(  slO:         ..  =31.1  .» 

Figs. ..Mito.  „  ='20;  „  .  =28.8  „ 

1.     Miu  ro^eiHiuoKrapli     Kticords.       Fig.    IQ,    Pi.  XLVII,  13 

the  record  iuniislii'd  I  v  ;i  ^  hwy  Milne  type  macro?oismograph,  sot 
up  in  the  Seismologicai  Institute,  the  magnification  of  the  £W, 
KS  and  vertical  components  being  respectively  5,  5,  and  8*  The 
numerals,  1,  2,  3,  and  4,  indicate  corresponding  epochs  in  the 
three  components.  The  duration  was  in  this  case,  about  6  min. 
The  largo  movemunt  nt  the  comnieucement  of  tl»u  principal 
portion  was  as  follows:  — 

Besaltanfc  hor.  motions G.S  min,.  towards  N50'\V. 

Vortical  moiion         =0.8  mm  upwards. 

This  result  is  nearly  similar  to  that  indicated  by  the  microseis- 
mographs  (§3).  Only  the  first  displacement,  corresponding  to  a 
single  amplitude,  is  here  very  imperfectly  shown,  on  account  of 
the  lengtli  of  its  period  and  the  friction  of  the  instroment  The 

subsequent  ami  principal  macro-seismic  vibriilions*  were  as 
follows; — 

Max  la  ==1.6  mnt,  r=1.6  sec. 
>f         tt    t  r=0.72  „ 

The  period  of  the  ripples,"  or  small  shai'p  vibrations,  was 
0.20  sec. 

Fig.  11  (PI.  XLVIII),  is  the  macroseismographic  recor<l 
obtained  at  HitotJ5iiba?hi  (Tokyo),  tlie  E\V,  XS,  and-  vertical 
components  being  nniiiiphed  3,  4,  and  2  times,  respectively. 


Digitized  by  Google 


Stiimogopliio  Diagram  at  the  ImiX  Em^vAs  of  Jon*  11, 1807.  I97 


a) 


The  numerals,  1,  2,  3,  and  4,  indicate  correaponding  epochs  in 
the  three  components.  It  will  be  observed  tiiat  the  movements 
of  the  macroseismic  character  at  Hitotsubashi  is  more  regular  and 
much  greater  than  at  Hongo ;  this  being  the  consequence  of  the 

extreiiio  softness  of  tlio  grouiid  at  \\w  fornnor  place. 

6.   Tlltoiueier  Kccords.     Xlie  following  is  the  principle  of 

thtj  experiments  made  to  test  the 
existence  or  non-existence  of 
tilting  in  the  ordinary  or  macro* 
seismic  motion,  which  I  have 
carried  on  since  1897  at  the  Seis- 
inologii'al  I  nstitnte.  As  diagram- 
tnntieally  jihown  in  t!ie  accom- 
panying iigure,  let  there  be  three 
Ivrizontal  pendulums,  I,  II,  and 
HI,  in  which  C,  C",  C"  are  the 
hea\y  bobs;  FC,  B"C",  B"'C'" 
the  ties;  A'C,  A"C",  A'"C'"the 
stmte:  and  O'D',  C"D",  C'"D'" 
tluMvriting  pointers ;  the  lengths 
A  1>  ami  A"I)"  Ijcing  cijual  to 
one  another.  I'^urtlier,  ht  the 
two  pendulums,  I  and  II,  have 
a  common  angle  {—9)  of  iuclinor 
tion  of  the  pendulum  axis  to  the  vertical,  tlie  ratios  of  multiplica- 


n 


(JD 


D 


/ 


•■--1 


tion 


A'C 

CD' 


and  'r^fy  being  unequal;  while  the  two  pendulums, 


CD 


A'C 


A'"  C" 


CD 


and 


I  and  III,  have  equal  ratio.s  of  multiplieatiou. 
but  unequal  angclsi  of  inclination  of  the  i^'  ii'hihmi  axes,  f  and  v'. 
The  three  pendulums  are  placed  with  their  planes  parallel  to  one 
another.  Thus  the  first  two  pendulums  would  have  an  equal 
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sensibility  for  a  tilting  motion,  but  different  magnifications  for  a 
horizontal  motion;  while  the  first  and  thiixl  pendulums  have  an 
equal  magnification  for  a  horizontal  motion^  but  different  sensibili- 
ties for  a  tilting  motion. 

Fig.  1-  (ri.  XLIX)  is  the  record  of  the  EAV  component 
niutii 111  « J ttnined  on  tlje  occasion  oi  the  carthtxuakc  of  Juno  11, 
1007,  by  one  of  the  rnacliiues  composed,  according  to  the  principle 
above  explained,  of  tlie  three  pendulums  A,  B,  and  C,  the  in- 
strumental constants  being  as  follows: — 


Pendnlani.  | 

Length  of 
Strnt 

Total  leofirth 
of  Strut  ami 

P^tiutcr. 

_ 

JluJtiph- 
cationifor 
H«r. 

Motion.) 

... 

To 

T 

9-^* 

A 

cm 
12 

cm 
48 

4 

Bee. 
0.70 

see. 
4.36 

B 

7 

4H 

7 

0.51 

3.31 

C 

7 

28 

4 

O.o6 

2.50 

f<7 

In  the  above  table  To  and  T  ileuote  respectively  the  complete 
period  of  vibration  of  each  pendulum  >dieu  suspended  vertically 
and  when  actually  set  up  as  a  horizontal  pendulum.  Tlio  dis- 
placement of  the  writing  index  of  the  pointer  coiresponding  to  a 

tilting  a  is,  in  each  case,  given  I)}-  the  f<^>nnula. 

X  (sensibility)^^  )c  . 

From  the  adjuslnicnts  of  tlie  tlnec  pendnhmis  ns  given  in  the 
above  table,  we  an'ive  at  the  fohowinu  n  ];ttiuii?:  — 

f  (for  C')=^l.U  f  (for  A  and  li). 

r  (for  A  and  J»)=3r  (for  C). 

Tluis  the  two  jn.iuhihnii.s  A  and  1'  ought  to  give,  fur  a  tiUing 
of  the  ground,  a  record  three  time.s  hirger  than  the  pendulum 
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while  each  of  the  two  psQiduliims  A  and  G  gives,  for  the  horizontal 
motion,  a  records  equal  to  4/7  of  that  of  the  pendulum  B. 

Although  different  amounts  of  the  Mdion  in  tlio  tliree 
pendulums  evidently  interfered  to  some  extent  with  the  accuracy 

of  the  records,  FJ.  XLIX  indicates,  as  well  as  the  diagrams  obtain- 
ed on  otlicr  occasion^,  tliat  the  tilting  element  in  the  ordiuary 
earthquake  motion  is,  if  any,  very  slight  in  amount.* 

Tho  Fint  Beport  on  this  oxpcrim<mt  was  pabli«i)«l  io  Nj.  32  of  tbe  Jaffuum  Sipirt*  of  tbn 
Imp.  Earthquake  Inv.  Comm.  (1900). 
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Hg.  1.  Bsrtfaqmlwof  Jonelli  1907. 

{X)  £«)liti  Origio. 

(I)   Boandary  of  Area  of  Seasible  Motion. 

(U)    H  MM  SUoog  or  Moderate  Motion. 
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Pigs.  S,  8,  and  4.  Euriihq^aakB  of  Jana  11, 1907.  Observed  at  Hbngo,  Tokyo. 
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Fig.  %  EW  Gomponapl :  MtdtipliQilncm«»10. 


Fig.  d.  Yeiiical  (Component :  Moltipliaationssia. 


I  t 


I  I 


.  Fig.  4.  NS  Oaa^nant:  MnlCiplioRtioiisfla 


Fig.  5.  EW  Component  of  Earthquake  of  Jane  23,  1902. 
Observed  at  HongO,  Tokyo.  Maltiplicatioa=:10. 
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PL.  XLVI. 

Horizotttal  Peodaliim  Diagiftms  of  Bqke  of  June  11»  1907. 

Rg.  6.   EW  Component,  HongO. 
MoltiplicatioD = SO. 


Vig,  8.   EW  Cotoponent,  HitotsulMiiii 
MultiplioatioD  s  10. 
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On  BQcrO'treniors. 

By 

F.  Omori,  Se.  D., 
Member  of  fba  Imperial  Warfliggftlfe  InTestigatiiui  Committea. 


With  Pis.  I-III. 


MrodueHoH*  The  non-seismic  vibrations  of  the  ground  called 
"pulaatoty  oscillations"  are  small  slow  movements  with' periods 
generally  of  aboat  4  or  abont  8  sec.,  possibly  all  over  the  world. 
These  oscillations,  which  are  most  markedly  shown  at  Tokyo, 
Osaka,  and  other  places  situated  on  an  ext€nsivo  plane  of  now 
formation,  and  also  probably  at  mid-ocean  islands-,  Imve  some- 
times a  double  amplitude  of  0.5  mm  or  more.  What  I  propose 
here  to  term  micro'tremors  are  those  insensible  movements  of  the 
ground,  whose  period  is  usually  less  than  1  sec.,  and  whose  am- 
plitude is  much  smaUer  than  that  of  the  pulsatory  oscillations.  In 
short,  the  micro-tremors  are,  whatever  their  origin  may  be^  ex- 
tremely minute  vibrations  of  a  nature  similar  to  that  of  the 
movt'nients  composing  the  niaero-soismic,  or  sensible,  part  of  the 
earthquake  motion  proceeding  from  a  near  centrc  of  disturbance. 

The  diagrams  furnished  by  Omori  horizontal  tremor  recorders 
and  tromometers:^,  of  90  to  300  times  magnifications,  set  np  in 


*  An  Kbnwn  hy  tbf  Omori  Ilur.  Fend.  Troinoinet«r  ol)m>rvntk:in  itt  the  motMnlBglml  obMI^ 
Tntory  of  Und^ja-jiiiia,  nn  wiMid  beloi^ng  to  Um  Faji  volcuiic  choia. 

X  TkM»  iuttmmmtt  «n  imiiraifea  tanam  of  fhowdcMilbad  in  Um  Fvi^^tions,  Ku.  18,  nad 
Ow  JfclWh,  ToL  i;  Mo.  4. 
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OsaliB  and  Tokyo  indioate  the  micrO'tiremora  often  qnito  distinctly. 
For  tlie  sake  of  deamesfl,  however,  some  photographic  enlarge - 

nients  of  the  original  records  are  reproduced  in  Pis.  I  to  HI.  I 
give  next  the  results  of  some  prelimiimry  investigatioiLS  ou  micro- 
tremors. 

ObtenvaHoH  at  MU^tsuibatM  (IMS^o).  The  observation  at 
Hitotsahashi  was  made  with  a  horizontal  pendnliun  tromometer 
of  100  times  magnification.  The  maximum  double  amplitude  in 
the  EW  component  was  about  0.001  S-mm,  the  average  periods' 
each  deduced  from  100  consecutive  vibrations,  being  as  follows  : — 


Date  (1907). 

AveragB  Fraiod  (£W  CompoiMint). 

July 

0,80  aeo. ' 

f* 

s» 

0.91 

It 

w 

1.01 

Oct 

29-30 

0.84 

>• 

30-31 

0.83 

)  Mwty  0.83  aea 

i» 

» 

0.82 

Nov. 

22-23 

0.77 

ft 

If 

0.88 

II 

28-29 

0.60 

11 

0.82 

The  mean  period  of  micro-tremors  at  Hitotsubashi  is  thus 
seen  to  be  0.83  sec.    To  compare  these  tremors  with  the  quick 

vibrations  actually  occnrriii.ii:  in  an  cartlKinakc,  1  u'ivc  in  PI.  I  a 
part  of  the  troinoinct<'r  rcconi  for  July  "j  and  i),  19u7,  wliicli  was 
photographically  enlarged  8  times  and  thus  magnificv'^  800  times 
the  movements  of  the  ground,  with  a  time  scale  of  107.4  mm  for 
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1  minute.  The  seismic  distarbance  shown  in  the  diagram  consists 
of  the  preliminaiy  tremor  and  the  earlier  part  of  the  principal 

portion  of  thu  caitlKjuake  of  July  0,  1907,  which  uii^^iiiated  under 
the  sea  about  900  km  io  the  XK  of  Tokyo  and  was  felt  strongly 
at  tho  coast  of  Neniuro  and  Kushiro  (liokkaido).  In  Tokyo,  tho 
shock  was  slight,  and  the  total  duration  about  2  hours,  the  time 
of  occurrence  being  Oh  48m  07s  A.M.  According  to  PL  I,  the 
quick  Tibrations  in  tho  preliminaiy  tremor,  which  lasted  90.0  sec. 
(the  commencement  is  marked  a),  vrere  as  follows* : — 
Average  T=0.77  sec.,    Max.  2a=0.(>74  mm. 

The  active  vibrations  at  the  commencement  (marked  b),  of  the 
principal  portion  was  as  follows : — 

Average  7*=  0.88  sec..  Max.  2a=0.36  mm. 
Thus  tho  moan  jxjriotl  of  tho  Tnacro-seismic  movements  was  in 
this  case  about  0.83  sec.,  which  happens  to  be  identical  with  the 
average  period  the  micro-tremors  (at  Hitotsnbashi)  as  given 
in  the  forgoing  table,  EspedaUy,  the  larger  and  slower  ones  of 
these  tremors,  as  those  marked  e  and  /  (PI.  I),  will  be  seen  to 
be  similar  in  nature  to  the  prominent  vibrations  occurring  in  the 
principal  portion  (6)  of  the  earthquake.  Finally,  for  tho  sake  of 
rcfcrcnce,  I  may  statt?  that,  according  to  the  result  of  tlie  macro- 
seismic  measurement  in  TokyoJ,  the  average  period  at  Hitotsu- 
bashi  was  found  to  1)0  0.77  sec,  this  characterizing  the  ordinary 
earthquake  vibrations.  Tlie  period  of  strong  shocks  at  the  same 
place  is  a  little  longer  and  equal  to  0.9  to  1.0  sec. 

OhaertHUUm  ai  Mmffo  (2M^o>.  The  micro- tremora  at  Hon- 
go  are  probably  somowhat  smaller  than  those  at  Hitotsnbashi, 

*  T  Mid  9a  denoting  «•  nnial  tlw  oomplate  peiigd  and  Uw  doaUeampUtndo,  MfiMtiveljr. 
I  TlM  -PnhBciitHoMt''  No.  11,  ihp.  51  and  &S. 
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the  max.  2a  in  the  EW  ooinponent  beiog  about  0.0011  mm.  PI.  II 
is  a  part  of  the  diagram  for  Jan.  23.  1908,  famished  by  an  EW 
component  horisontal  tremor-recorder  with  an  origtual  pointer 

multiplication  of  300  times,  enlarged  photographically  8  times, 
the  resultant  magnification  being  thus  n^ual  to  2,400,  with  a  time 
scale  of  835  mm  for  one  minute.  The  average  jjeriods  of  the 
micro-tremors  each  deduced  £rom  200  consecntive  vibrations,  were 
as  follows : — 


TM»  (1008). 

Avm^  Period  (EW  Gompanant). 

Jam.  aO-Sl 

0.28  aec. 

22-33 

0.28 

24-96 

a28 

j>  >» 

0.82 

0.29  sec. 

The  mean  value  of  the  jiciiud  of  the  micro-tremors  was  in 
these  cases  0.2U  sec.»  which  is  not  much  difiticnt  rroiii  those  of 
the  quick  vibrations  and  ripples  occorriDg  at  Hongo  in  actual 
earthquakes.  Thus,  according  to  the  macro^seismtc  measurement 
at  Hongo''',  we  have  the  following  i-esults 


Avoiiige  period  of  mux.  (juiuk  liorizontal  vibriitious  =  0.20  sec. 
„  superposed  horizontid  ripples      =0.20  „ 

„  JUHX.  quick  vciUcul  vibrutioiis    =0.25  » 

Observation  at  Osaka.  The  horizontal  tremor-recorder  with 
a  multiplication  of  90  times,  at  the  Osaka  Meteorological  Ob- 
servatory (Director,  Mr.  N.  Shimono,)  indicates  'micro-tremore 

miicli  moix3  distinctly  tliau  in  Tokyo,  the  max.  ia'a  in  the  EW 

*  S»»  tbe  JfftUimiiMn,  Na  U.  p.p.  53-SS. 
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and  NS  components  being  each  about  0.008  mra.  PI.  TII  is  a 
part  of  the  record  for  Dee.  26,  11)07,  enlarged  photographically 
7.8  times,  so  that  the  resultant  magnificatioa  is  about  700  times. 
The  average  period  of  micro-txemors  was  as  follows: — 


l>«te  (1907). 

Average  Period*. 

EW  Companani 

NS  GompanBnit. 

TSfw.  18-19 

0.81  aeo. 

(100) 

0.90  aec 

(100) 

»  » 

0.88 

(100) 

0.95 

(100) 

21-22 

0.77 

(100) 

0.88 

(100) 

t*  n 

0.80 

(100) 

0.84 

(100) 

Dm.  20-21 

0.74 

(200) 

0.87 

(200) 

»  21-22 

a68 

(200) 

0.89 

(200) 

„  22-28 

0.74 

(200) 

0.64 

(200) 

0.76 

ass 

The  average  period  of  the  micro- tremors  obtained  by  taking 

the  iiiL<iii  iioni  the  two  horissontal  components  is  U.8J  sec.  In 
this  connection  it  is  iiileiestiny;  to  note  tliat  the  ordinary  seis- 
mograph observation  at  the  same  observatory  oi'  tlie  vibrations 
caused  by  a  powder  explosion  at  a  distance  of  5  km  in  one  of 
the  suburbs  of  Osaka  indicated  also  similar  periods,  as  foUowst : — 

'  Vertiosl  motiou  Aver.  T={).7o  sec.  (Max.  2a  =0.40 mm); 

EW  ....        „    =0.83    „    (  „        =0.48    „  ); 

NS       ......  =0.82   „   (  .,       =0.24  ); 

the  mean  value  of  the  period  of  the  horizontal  motion  being  thus 


*  Tli«  uiuubem  oi  voumjcuUvv  vibniUutiK.  from  vliitdi  tbe  uvon^c  ^luniM)  wns  deduced  in 
in  eadi  «Mi«  Indicntod  by  tlw  tfpum  100  or  900,  cndoiied  tritfiiD  btrntels. 

t  Am  iicojunt  of  ILc  viliratioiis  iiin>^i  <1  liy  the  jiowiler  cxpk«ion  r\t  Fiikn -11111111,  near  C)tiik/i, 
in  giveu  by  tlio  preavul  uatbor  iu  tbe  liejxvtii  (Jajxuuaie)  of  the  Im|i.  li^utbiuuke  lav.  r<imm,, 
Sa  OT. 
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F.  Qnusi:  On  Ufi3i»4iieiiiKiiB. 


0.82  sec.  In  the  cases  of  the  sii'ong  Inland  Sea  earthquake  of 
Jime  2,  1905,  and  ivfo  of  its  after-shocks,  the  period  of  the 

maxiiuiiiu  liuiizontal  iiiotioii  at  Osaka  wais  about  1.0  sec. 

Coiichutioii,  The  micro-tremors  at  Tokyo  and  Oj>aka  socm 
to  occur  cliicfly  dunug  the  day  time,  and  may  ho  duo  to  traffic 
and  other  artificial  causes,  and  also  to  the  impact  o£  winds  against 
the  ground.  At  any  rate,  however,  their  periods  seem  to  bo 
nei^ly  identical  with  those  of  the  ordinary  sensible,  or  macro- 
seismic,  vibrations  at  the  respective  places  of  observation,  just  as 
the  period  of  the  pulsatory  oscillations  are  found  to  be  similar 
to  some  comiKjiK'ut  moveiiu  nts  occurring  in  uctuai  eartluiuakos. 
It  is  ueedleiis  to  remark  that  both  pulsatory  oscillations  and  micro- 
tremors  form  interesting  subjects  of  study,  especially  in  connection 
with  local  earthquakes. 

Tokyo.       Jan.,  1908. 
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Omori  Tremor  Recorder  Diagram,  show 

Magnification=2,400.    (Original  Multiplication  =300).  I 


'  Google 


PL.  n. 


aig  Micro-Tremors.         Hongo  (Tokyo),  Jan.  23,  1908. 

EW  Component. 

^ndulum  Period  =  4.7  sec.  Slower  movemouts  arc  ijidsjitory  oscilLitions. 


Omori  Tremor  Recorder  Diagram,  showing 

Magnification— 700.   (Original  muitiplicalion=90).  Pendu 


PL.  in. 


I  Micro-Tremors. 

lum  Period  =  4  sec. 


Osaka.   Dec.  28,  1907. 
NS  Component. 


Time  scale:  1  iuterviil=:l  miuuto. 
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Note  on  the  Tokyo  Earthquake  of  Nov.  22,  1907. 

By 

F.  Omorl,  8e*  D*, 

Member  of  Uie  Imperial  Earthquake  Investigation  Cotiimitteo. 


With  Pis.  I V-VI. 


Tlie  earthquake  of  Nov.  22,  1007,  at  2h  17m  A.M.,  was  one 
of  tho  strongest  felt  in  Tokyo  sineo  tlie  serai -destmetive  shock 
of  June  20,  1894.  The  disturbance,  wliicli  causal  no  damage, 
was  a  local  one,  and  tlie  severity  of  motion  in  Tokyo  was  partiy 
due  to  the  ptoximity  of  the  latter  to  the  earthquake  (nrigin.  The 
total  dniation  of  the  reoords  farnished  by  the  teleseismographa 
in  Tokyo  was  only  24  min.,  while  that  in  Kobe,  where  the  shock 
was  insensible,  was  12  min. 

Area  of  disttirbance.  As  shown  in  Fijr.  1  (PI.  IV),  the 
earthquake  was  sensible  witliin  a  land  area  about  75  km  in 
length  and  300  km  in  width.  The  area  of  modemte  motion  was 
nearly  ciicular,  with  a  moan  diameter  of  about  320  km.  Again, 
the  area  of  strong  motion  is  a  small  ellipse  in  the  NW-SE 
direction,  whoso  major  and  minor  axes  are  respectively  about 
130  and  85  km.  in  length.  It  may  be  romarkod  that  the 
soiitli-CHstoru  half  of  this  iiieizoscisinal  dlipsc  ('oiiu-ides  with  the 
alluvial  plain  of  Mnsanlii,  where  th<'  motitui  is  nmch  inteiisilie<l 
owing  to  the  softness  of  the  ground;  tho  centre  of  the  ellipse 
not  necessarily  corresponding  to  the  real  earthquake  epicentre. 
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F.  OlBori: 


Tho  position  of  the  latter  seems  in  fact  to  tie  much  eccentric  and 
near  the  north-irestem  end  of  the  major  axis,  as  considered  in 

the  noxt  5. 

Jhiratimt  oj  ineliminary  freniov  avfl  iHMitioH  of  ejti- 
cent  re.  The  dumtious  of  tho  ]»rehininaiy  tremor  ol)served 
instramentaUy  at  Tokyo  and  7  other  stations  were  as  given  in  the 
following  table. 


Name  of  Stfttion. 


lAtitada. 


Longitode. 


l>iiratiou  of  the 
total  prelimiunry 
txemor. 


Calonlntod 
opicentral 
distance. 


(i)  Tokja 

Mito. 

Tsnkiihn,. 

( ii )  Mean  . . , 


r  Miyaka 
I  ^inomald. 
(iii)  Jlfton . . . . , 


36  2B 

3G  13 


39  88 
88  26 


(ir)  Nagana       36  40 

Kolje.         '  IU41 
Osak/u        I  84  42 
(v)  Mean  I  


139*46'  E 

14038 
140  06 


14169 
14119 


13810 

135  11 
135  31 


sec 
7.6 


10.0 
10.0 

10.0 

60.0 
43.6 
46.3 

31.8 

48.6 
50.0 
49.3 


km. 


110 
110 
110 

400 
347 
874 

391 

400 

896 


The  dnration  of  the  preliminary  tremor  has  been  deteiTniiied 
in  tho  nsiial  way  from  tlio  different  seisniouM  ;mis,  with  tlie  excep- 
tion of  those  Dlitaintnl  in  Tokyo.  Tiic  phase  in  question  for  tho 
latter  place  has  been  token  in  regard  to  the  vibrations  of  macro- 
seismic  nature. 
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The  figures  In  the  last  ooltmm  of  the  above  table  have  been 

calculated  by  the  formula,  .'rkm=7.27  v  soc.  +  3S,  in  ^vlli(•h  .r  and 
y  ai'o  lespoctivoly  the  epiceiitml  distauoe  and  the  duration  of  the 
preliminan'^  tremor.  Drawing  on  the  map  (Fig.  1)  five  circles 
with  radii  eqaal  to  the  calculated  distancoa  of  (i)  to  (t)  about 
tho  respective  positions  as  centres,  we  see  that  four  of  these  meet 
near  one  another  in  the  southern  part  of  the  province  of  Kotsuke. 
The  {»obable  position  of  the  epicmtre,  indicated  in  the  figure  by 
a  small  cross  ( x ),  is  situated  in  the  northern  part  of  the  province 
of . Musashi,  iiamel3\  at  about  latitude*  Bfi"|  N,  and  longitude  ISO'^f 
E,  at  a  distance  of  about  55  km  to  the  north-west  of  Tokyo. 

OhaerveUion  in  !t)okyo,  Timo  of  Occurrence  =  2h  17m 
35s  A.M. 

IniUfd  dow  dt^^Utcment,  The  seismograms  ftumished  by  the 
long-period  horizontal  pendulnm  instruments  in  Tokyo,  three  of 
which  are  reproduced  in  H.  VI,  are  interesting  in  showing  ap- 
parently no  preliminary  treinor,  l)iit  beginning  at  once  with  a 
largo  slow  vibrati(>u  of  period  of  a]x)ut  7.5  s<.»c.,  followed  by  a 
numl)er  of  the  proper  penduhim  oscillations.  The  initial  displace- 
ments in  the  £W  and  NS  directions,  meaned  from  the  difierent 
diagrams,  are  as  follows : — 

MotKm  townrd  East  =s  3.3  mm. 
„         „    Norih  =  3.2  „ 

Reflnltant  displftcement  =  4.6  mm  ;  Diredaon,  N  4ff*  E. 

Thus  it  will  be  observed  that  the  direction  of  the  initial  (slow) 
motion  was  in  this  case  appi'oximately  perpendicular  to  the  line 
joining  Tokyo  with  the  earthquake  origin,  the  vibration  probably 
belonging  to  the  category  of  the  transverse  wave*.   A  circumstance, 

*  See  {i1a>  uu  lu-conut  uf  t\if  Mirtbiiiuikt*  of  .?uu.  21.  1900,  wlucJi  origitmtul  ott  the  Naatb- 
«Mt8rn  cant  of  Uie  Ifaia  Hnul.  The  UMirtfin,  VoL  I.  p.  145. 
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which  gives  support  to  this  latter  supposition,  is  that  tlic  liorizoutal 
poiulalum  diairi'ains  obtiiiiKvl  at  the  otlior  stations,  wlioso  epicentral 
distances  were  gi*eater  thau  that  oi  Tokyo,  showed  no  distinct 
slow  iribration  at  the  commencement,  the  preliminary  tremor  being 
geneniHy  well  marked,  due  possibly  to  the  slower  transit  rate  and 
the  conseqnent  retardation  of  the  transverse  wave.  The  total 
duration  of  the  earthquake  motion  in  Tokyo  was  24  min. 

The  resnlts  of  studies  on  the  nature  of  the  vibrations  occurring 
at  the  commencement  of  an  oarthquake,  observed  near  the  orii^in 
of  disturbance,  will  bo  published  in  the  Bulletin  from  time  to 
time,  a  general  discussion  on  this  subject  being  reserved  for  a 
future  occasion. 

MtteroaeUmogrt^  record  Mal/iMd  at  ]Bat9t»ulbeuhi 
iTahyo^*  Fig.  2  (PI.  V)  gives  the  preliminary  tremor  and  the 
earlier  and  most  active  part  of  the  principal  portion  of  the  earth- 
quake motion  as  recorded  by  an  ordinary  Gray-Ewing-Milne  type 
seismograph,  which  magnifies  the  EVV,  NS,  and  vei  tical  com- 
ponents 3,  4,  and  2  times  respectively.  It  will  be  obscn-ed  that 
in  this  macro-seisraogram,  which  does  not  show  the  slow  vibra- 
tions existing  in  the  earthquake  motion,  the  preliminary  tremor 
is  weU  defined,  the  principal  portion  beginning  with  oonspicnous 
movements  of  large  amplitude.  In  the  following  description  ctf  the 
seisniogram,  the  complete  period  and  the  range  of  motion  (double 
amplitude)  arc  denoted  by  the  symbols  T  and  2a  respectively. 

HorixonM  Motion. 

The  motion  was  sensi]>lo  for  about  2  min. 

Prelimimrij  tremor.   The  movements  were  as  follows : — 

(NS)         0.85  980.,  Max.  2a  ^  1.00  mm. 
(EW)  2*  =0.82  „     Max.  2o  =  0.73  « 
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PHnc^  poHwik  The  motion  was  about  3  times  greater  in 
the  NS  than  in  the  EW  component,  this  being  contrary  to  what 

is  usually  the  case  with  strong  Tokyo  earthquakes,  in  which  the 
EW  component  greatly  pi-edominates.  For  the  first  2.3  sec.,  the 
vibrations  were  comxjaratively  small  and  principally  in  the  NS 
component : — 

(N8)   T  8 1.01  aeo..  Max.     =  9.6  mm. 

(EWj  T  =  0.17  M     Max.  2a  =  1.8  „  (ripplm). 

Then  tlie  motion  became  much  larger,  tlicre  ]ieing  4  displacements 
(marked,  in  Fig.  2,  respectively  cd,  de,  e/,  &nd.  fg)  composing  2 
vibrationB  as  follows  : — 


1st  diiipIaoeine&t....| 

2zid   

3rd  (Has.)  »  ... 

-ktii  »  ... 


11.3  mm  toward  4.5  mm  toward  W; 
BmidtBttfe  2a  =  12.3  mm,  toward  NSa*^. 


IlG.'.i  mill  townrd  S,  5.3  mm  toward  E ; 
lieaiUtaut  Iki  —  17U  miu,  toward  SiS^E. 

(22.0  mm  toward  N,  7.7  mm  townnl  W ; 
llifiBnltaiit  2a  =  23.3  mm»  toward  md°W. 

19.3  mm  toward  8*  7.3  mm  towMsd 
Bttrndtant  2a    11.8  mm,  toward  S38^ 


The  above  i  displaeemciits,  togetlicr  lasting  2.0  sec,  constituted 
the  most  active  part  of  the  earthquake  ;  the  2nd  and  3rd  dis- 
placements fornung  the  maximnm  vibration  of  2a  =  23.3  mm,  and 
period  =  Ol96  see.,  whose  maarimnm  acceleration  was  610  mm  per 
see.  per  sec.  As  the  mean  direction  of  motion  was  N24°W-S24'^ 
these  movements  took  place  ax>pr03dmately  parallel  to  the  fine 
joining  the  earthquake  origin  with  the  observing  place  and  are  due 
probably  to  the  longitudinal  The  subsequent  motion  was 

smaller,  but  continued  active  for  about  Im  12s,  the  period  being 
as  follows : — 
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13  F.  Omoti :  ToHyo  Eutliqiiidw  of  Nov.  19,  1907. 

(NS)    r=  0.79  sec. 

(EW)  2'=  0.81  J  0,80  aec. 

Vertical  Motion. 

Preliminary  tremor.    Tlic  motion  was  vciy  small. 

Pfincipal  porUm,  Tho  motion  which  was  small  during  tho 
ftrst  3.5  sec.,  was  active  during  the  nest  18  sec*,  and  consisted 
of  the  following  vibrations       =:  0.47  sec..  Max*  2<i    1.3  mm. 

OtoervnMon  ol  Monao  The  maximum  macro-soismic 

motion  at  liongo  was  2a  =  10.4  mm,  T  =  0.7  sec,  nearly  in  the 
NS  (liroctiou. 
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Fig.  1.  Tokyo  Earthquake  of  Nov.  2^  1907. 

I,  n  itDil  m  ar*!  renpectively  the  bOBMMM  «ff  liw 

arenH  of  uliijM,  tmxltrate,  and  tlrrnuj  mnxomeut*. 

Ans  in  red  ait  iJrawn  (tfxnd  th.  diffttrent  pUwex  an  frntrts  vnth 
radii  calculated  from  tlie  Juration  of  the  prrfimijiary  trrmm'. 
(x)  JPkobaUe  i'oeitioQ  of  the  Eiotluiaftke  Ongin. 
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ation : 


Vertical  Component,  2  times. 
NS  „  4  n 

[  E  W  „  8 
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Horiz^>ntal  Pendulum  Record  obtained 
at  Mito  duiiDg  a  Storm. 

By 

F.  Omori.  St*.  !>., 
Member  of  the  Imperial  Eaitli^uake  luvetitigaliou  Couuuittea 

With  PI&  VII  to  IX. 


Instances  of  remarkable  inclination  of  the  ground  observed  in 
Tokyo  (hiring  a  storm  have  been  Uesciibod  in  the  pKhlicndom, 
No,  21,  and  the  DuUelin,  Vol.  I,  No.  4.  The  present  note  gives 
an  account  of  a  similar  case  o£  tUo  tilting  rocorded  on  March  23, 
1907.  at  the  meteorological  observatory  of  Mito  (f =36''23'  N ;  ji= 
140^28'  £)t  ^th  the  NS  component  Omori  horizoDtal  pendulum, 
whose  recording  cylinder  made  one  revolution  in  24  hours,  and 
whose  instrumental  constants  were  as  follows  : — 

Peudulum  periotl,  when  siis|)3mled  vertiwilly  =  5n,=1.71  soc. 
Period  of  Horiztiutjil  I'tiudulum  iUitually  tiet  op=  T=:32  nc 
Miiltipliailioti  mli'i  of  the  pointer— »=:20l 

Displacement*  of  the  writing  index  ooirreBpoiidiug  to  the  tilting  of  1'' 

2** 

^i*=£xnxflinl''x -^=24.67  mm. 

F|g.  1.  (PL  VII)  gives  the  tiltometer  record  in  question  between 
10  a.m.  and  ~>  p.m.,  on  fhe  23rd. 


•  In  On  *'Bd]kliii,"  Ho.  4.  r  taasbx  miatiike bwn doSnga a»  UwniiBle  oCtllUi«eiiaiTOlMit 
to  taun  dfaBiminAnk  ot  tlw  vntiiig  indwc. 
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Stornu  on  22^94,  March,  1907.  From  Fig.  2  (PI.  \Ui)*, 
which  shows  the  condition  of  the  weather  at  6  a.m.  on  March 
23rd,  1907,  it  will  be  observed  that  there  existed  simultaneously 
two  cyclones,  (I)  and  (II),  whose  tracks  were  parallel  to  the 

general  eoursc  of  the  Islaiids,  aixl  nvcio  over  the  racilic  Ocean 
and  tlio  Japan  Sea  respectively.  The  eyclone  (i)  appeared  on  tlie 
21st  off  the  south-eastern  coast  of  Foimosa,  progressed  toward 
north-east,  and  approached  the  south-eastern  coast  of  the  Main 
Island  about  the  noon  of  the  23rd.  The  other  cydone,  (II),  which 
originated  on  the  20th  at  the  Yantasse  Valley,  CShina,  passed 
through  the  Tsushima  Strait  and  approached  on  the  24th  the 
western  coast  of  Hokkaido.  Both  of  these  cyclones,  which  were 
at  lirst  shallow,  rapidly  increased  in  intensity  with  their  eastward 
movement,  the  storm  already  extending  over  the  whole  of  the 
Main  Isknd  on  the  afternoon  of  the  22nd.  When  the  centre  of 
the  depression  (1)  approached  on  the  23rd  the  peninsula  of  Awa 
and  EaKUsa,  the  -  minimum  barometric  pressure  of  744  mm  was 
recorded  at  Choshi  (fi>=35''44' N,  ;ts=140''55' E)  at  1  p.m.  The 
minimum  pressure  at  Mito  was  745.8  mm  at  1  p.m.  On  the 
Japan  Sea  side,  the  niininrnm  pressure,  due  to  the  cyclone  (II), 
was  749.0  mm  and  w^as  ol)served  at  iSuttsu  (province  of  Iburi, 
Hokkaido),  at  9  p.m.,  on  the  23rd. 

TUtitig  of  tfie  ground.  A  marked  southward  inclination 
began  to  set  in  about  Oh  30m  p.m. ;  the  displacement  of  the  re- 
cording index  of  the  instrument  in  that  direction  being  92  mm  on 
record,  which  corresponds  to  a  level  inclination  of  3.7''.  This 
tilling  was  accomplished  in  the  time  interval  of  about  Ih  50ro, 
the  extreme  southward  inclination  having  been  reached  at  20m 

*  The  \voitthcT  mnp  in  mprodna'd  from  the  Mnich  (1907)  number  ot  Um  "Kinbo  YomUt*' 
jwUliiiltetl  by  the  Ceatial  Meteorological  Obaercatwy. 
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p.m.     Thereafter  the  northward  inclination  began  to  sot  in. 

Tims  it  will  be  observed  tliat  the  commencement  of  tho 
sudden  southward  tilting  was  at  about  30  niin.  before  the  epoch 
of  the  minimTun  barometric  presenii'e  nt  Choshi  nud  Mito ;  the 
pftBsage  of  the  centre  of  cyclone  producing,  as  in  the  case  of  the 
storm  on  Oct.  10th  and  11th,  1904,  not  an  elevation  hat  tho 
depression  of  the  gromid.  This  is  probably  due  to  the  fact  that 
the  deep  barometric  cyclone  was  accompanied,  or  rather  followed, 
by  an  increase  of  the  hei<^ht  of  sea  water,  to  an  amount  greater 
than  the  equivalent  of  tho  barometric  fall,  as  explained  in 
the  next  §. 

Mareogram  at  Choahi*  Fig.  3  (PI  IX)  is  a  repioduction 
of  the  tide  gauge  diagram  obtained  on  liCarch  22nd  and  2Srd, 
1907.  at  Ghosbi  (province  of  Shimoea),  which  place  is  situated 
at  the  month  of  the  River  Tone,  near  Cbpe  Inuboe,  at  a  distance 

of  about  80  km  to  the  SES  of  Mito*.  The  disturbances  of  the 
water,  eon.^istiiig  in  tho  secondary  imdulations  proper  to  tho 
coast  of  observation  began  to  become  marked  from  about  4^  a.m. 
on  the  23rd,  continuing  to  increase  till  midnight  of  the  same 
day.  The  level  of  the  sea  also  b^an  to  rise,  the  greatest  limit 
being  reached  at  about  2  p.m.  to  a  few  minutes  after  8  p.m., 
when  the  water  thus  abnormally  accumulated  was  about  2} 
thaku  (  =  75.8  cm)  higher  than  the  level  according  to  the  usual 
tide  movement,  and  1.12  nhaku  (=31.0  cm)  than  the  highest 
water  during  the  preceding  day.  The  time  of  the  greatest  water 
accumulation  at  Choshi  thus  nearly  coincided  witli  the  moment 
of  the  maximum  southward  tilting  at  Mita  The  difference  of 
the  highest  mean  level  at  about  3  p.m.  (23rd)  over  that  of  the 

*  F(»'tlu!  copy  of  Uu}  aoareogrum  I  am  iodobtcd  to  Prof.  Dr.  T.  Kuad-j  uf  the  Inteiior 
Ptfrtmaitt. 
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mean  low  water  ocotirriiig  about  3  honrs  earUer  is  some  1.45 

shaku  (  =  11  em),  which  may  be  taken  as  the  difTercntial  increase 
of  the  height  of  the  sea  level  near  the  position  of  the  eyclone 
over  that  in  the  neighbouring  portions  of  the  ocean.  As  the 
difference  of  the  barometric  pressure  at  the  minimum  centre  and 
the  coast  near  it  was  probably  about  10  mm,  or  about  14  cm  of 
water  column,  we  see  that  the  resultant  relative  pressure  at  the 
ocean  bottom  immediately  after  the  passage  of  the  cyclone  centre 
is  increased  by  an  accnmnlation  of  water  nearly  30  cm  in  height, 
extended  over  the  sea  sui*face  of  no  iiisi^^iiilicaiit  dimension.  Tiiis 
probably  aeeounts  for  the  tilting  of  the  gronnd  toward  the  centre 
of  barometric  depression,  when  the  path  of  the  latter  is  over 
the  Pacific. 


TUB  MKW  ^  '.  K 
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Fig.  2.    Weather  Map.    March  23,  1907;  6  A.M. 
The  dott<3d  lmo8  (I)  and  (IT)  (^rc?  tlie  puths  of  the 
two  cyclone  c^^ntres,  whose  positions  at  6  A.M.  of  the 
Bucoetwive         are  each  tudicated  bjr  a  small  cross  ( x ). 
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Note  on  the  Annual  Variation  of  Seismio 
Frequency  in  Tokyo  and  Kyoto. 

By 

F.  enmri,  8e.  IK, 
Member  of  the  Lnpetial  SMtliqiuike  InTestigation  Gofluniitee. 

With  PL  X. 


Introductory,  As  pointed  out  in  a  diBoassion  of  the 
Bdsinie  activity  for  Japan,  taken  as  a  whole,  the  vatjation  of  the 
frequency  of  the  ordinaiy  small  shoeks,  whose  nnmbor  is  minimum 
in  the  months  of  Jane,  July,  August,  and  September,  in  just  the 
i'cvei*se  of  that  of  the  destiuctive  disturbances,  whose  number 
is  maximum  in  July  nud  August"^'.  Apiiiii,  witli  lospoot  to 
the  recent  Japan  earthquakes  of  submarine  origin,  tho  annual 
variation  of  the  small  shocks  is  fonud  to  be  approximately 
(qppos^to  that  of  the  strooger  or  lazgcv  onra^.  Re]ati<ms  like 
these  betwem  small  and  large  seismic  disturbances  are  what  is 
to  be  expected  (torn  the  nature  of  an  earthquake,  which  is 
virtually  eqnivaknt  to  the  removal  of  a  weak  point  in  the  earth's 
crust ;  the  more  frt-ftuent  occurrence  oi  .small  shocks  tending  to 
prevent  any  abnormal  accumulation  of  the  underground  stress. 
Tlie  non-occurrence  of  these  distjirl>anccs.  or,  an  unusually  low 
seismic  freqnem^  hm^*  on  the  other  )iand,  laciUtate  the  oocunence 

•  F.  Onofi;  "Mote  «n  flis  AaOqiiaka  ImtMgMaik  GanintttM  CnlildgBB- Jikpanaie  ' 
TMtlhqwii        T  Tir  K< .  Coll..  Bnpi,  Toiyio  tJnlv^  Vol.  XI,  1809. 
X  Thw  mnnber,  Fl.  XIX. 


Digitizea  by  LiOOgiz 


18 


F.  Omoii: 


of  great  or  destructive  seismic  disturbances.  The  reveraal  of  the 
maadmtun  and  imnimum  epochs  in  the  annual  variation  of  large 
and  small  seismic  shocks  is  also  strikiiigly  shown  in  the  cases 

of  the  earthqnakos  recorded  in  Tokvo  and  Kvoto. 

Seasonal  rarifttton  of  ttefsmic  frequ^r^  4u  Tnktfo.  Tfii? 
number  of  destructive  and  semi-deatructivo  t>iirth(|uakes,  wlxicli 
shook  Tokyo  (Yedo)  since  the  foundatioin  of  the  city  in  1590 
by  Tokngawa  lyeyasn,  was  18,  the  first  and  last  <^  which  took 
place  in  1616  and  1894  respectively.  Of  these,  the  maximum 
seasonal  number  of  7  ocoufred  in  Summer,  while  the  minimum 
number  of  3  occurred  in  Winter  and  Sprin*?.  On  the  contrary, 
the  mean  seasonal  minilx'r  of  oixlinary  small  earthquakos,  obKorve<l 
insfninieniiilly  in  Tokyo  hotweou  1876  and  18!)!),  wuij  miiunuiin 
(=:1U.1  and  18.3)  in  Summer  and  Autumn,  and  maximum  (=25.5) 
in  Spring"*,  as  shown  in  the  following  table. 


"^f'lsoTijd  S<'i<!iv'*'  FrcqiU'ncy  in  Tokyo. 


HfiniifMi. 

uf  ocdiiMry  eqketi. 
(18W-18BB). 

NuiuIkt  of  iU"Htrui:livo 
Had  aemi-ilwili  m  >iva 
•qkeik  tiei&-189t). 

Spring  (Mni-eli.  April,  Alay). 

25.6 

8 

Snutuei-  (Jnun,  July,  Aiij^iist). 

19.1 

7 

Antninu  (Sept.,  (X:t,  Nov.) 

18.-} 

Witttor  (Dee.,  Jan.,  Feb.) 

23.9 

3 

As  is  graphicstUy  shown  in  Figs.  1  and  2  (Pi  X),  the  annual 
variation  of  the  small  oarthquakes  is  almost  sjrmmetrically  opposite 
to  that  of  the  destructive  and  semi-destmctive  shocks. 


AimuaH  vaHatio»  of  seUnUo  fi^ueMy  in  Kf/aiQ,  Of 

the  seiiiimic  disturbances  recorded  in  Kyoto  l)etwoon  797,  the  year 

•  Sec  ttia  VviAiwtioM,  & 
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of  its  foundaticxi,  ftnd  1867,  when  it  ceased  to  be  tlic  Imperitd 
capital,  1088  earthquakos  vrere  small  shocks,  and  32  were  desfcnic- 

tivo  or  semi-dostrnctivo  in  or  about  tlio  city*.  The  distribution 
in  tlie  12  niontlis  of  tlio  year  of  those  two  classes  of  Kyoto 
earthquakes  are  as  follows. 


Monthly  Sdsinic  Frec|uency  in  Kyoto.  (707-1867). 


Ovdhiaij  funnll  eqkes. 
(1068  itlioelu.) 

])fl.sti'ucfcive  ami  senii- 
ilestmctiTe  eqkes. 
(B9  shocks.) 

JanQuy. 

79 

Fehraarjr. 

82 

0 

Maroh. 

110 

0 

ApriL 

103 

0 

3foy. 

9S 

3 

Jdne. 

91 

4 

July. 

87 

5 

95 

7 

SopteBaher. 

74 

.n 

Ootdber. 

87 

3 

November. 

95 

1 

• 

Beoemher. 

91 

4 

Thns  the  small  earthquakes  indicate  the  maximum  monthly  nnmber 

of  Ho  in  March,  and  the  niiniinuni  of  71  in  Scptenibor ;  while 
the  liU'f^oi'  Olios  j;li()\v  the  n\iiiiimiiu  uunihcr  of  /.ovo  in  Febiuiiiy 
to  April,  and  the  niaxinnnn  nuniliLi-  of  7  in  August.  As  will 
also  be  sei^'U  from  the  gmphical  ilhistiatioiis  in  Figs,  3  and  4  (PI.  X), 


*  Them  ntunben  nn  fevhed  ranito  niul  (VJIer  idl^Iy  tnim  fhcme  gET«a  in  Joor.  So.  ColL. 
Imp.  Tokyo  Univ,  Vol.  XL 
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the  annual  variations  of  the  two  Bets  of  earthquakes  are  nearlr 
opposite  to  one  another. 

Conelndhiff  remark.  From  the  foregoing  §§.  it  is  evident 
that  wii  must  treat  Miiall  and  Inrgo  eai'tiiquuke.s  sepjnatt'ly.  in 
tho  discussion  o£  seismic  frequency  with  respect  to  the  atmos- 
pheric pressure,  the  position  of  the  moon,  etc. 


Fli.  X. 

Annual  Variation  of  Tokyo  Eqke  Frequency.. 


Fig.  I. 
Small  EqkM. 
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Liafc  of  Beoent  Volcanic  Erapttons  in  Japan^ 

By 

Jt\  Omori,  8c. 

Member  of  ibe  Imperial  E«rt1iquftke  lavevlis^tion  GommiUfte. 

.   —  *  « 

With  Pis.  XI-XUI. 


Xdifffer  volcanic  outbursts  iu  reeen$  years.  .Vmong  the 
recent  voteanto  explosions  in  Japan,  the  most  notable  wera  the 
fpllowmg  five: — 

(i)  Explosion  o£  ]jmuliii-«iin.    July  li*.  ;  7h  45m  a.in. 

(ii)  „         AKiima-Kan  (Lssiukyo-sau).    Muy  19,  1893;  llh 

30m  a.m. 

(tii)         „         Atlutara-sau  (XaiUAsbiri-yania).  July  17,  1900; 

Gh  30m  p.  in. 

(it)  „ .        Tori-<iliinia.    AngiLst,  probably  between  the  night 

of  7Ui  nud  that  of  9th,  1902. 
(v)    Submnriiie  cniption  iv^ar  thfj  ^fiimini  Iwo-jima  (Soatli  Snlpher 
IslAud).  About  the  5tii  of  December,  I904w 

Of  these,  the  first  four  consisted  each  of  ji  sudden  steam  explosion, 
tlie  most  violent  being  that  of  the  Bandai-san,  one  of  whose 
pe-iks  was  entirely  destroy<'d.  The  thm-  explosions  of  the  Aynnna- 
san,  Adatara-san,  and  Tori-shiina  wei-e  ninch  smaller,  that  ol  the 
first  named  monntain  being  probably  tho  least.  A  >x>ngh  idea  of 
the  comparative  sti«ngtbs  of  tho  explosions  may  bo  obtained  fvom 

*  TUMiMSoti,  widl  mUitiMM^  of  the  imiwnt  vnOiiDt'B  pnper  in  flw  B«ix>rtN  (■TuiNincsi-)  of 
(ho  Imii.  ERrtliqiliike  InT.  Goniin.,  No.  itt,  IHOI. 
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the  iiias:scr>  blown  off  on  the  dillcrtut  occasions'-',  which  wcvq  ap- 
proximately in  the  ratios  of  3400  : 1 : 7  : 56,  as  follows  ; — 

(volame  of  newly 
fonnecl  cmter.) 

Bttadiii-san    1,7(K),0()0,()00  cubic  meties. 

Azumn-stin   500,000  „ 

Adatfti-a-siin   .%(J()0,00(>  „ 

Tori-ahimn   28.()U0,000  „ 

Each  of  these  four  volcanic  explosions  caused  a  considerable 
damage,  attended  by  loss  of  Imman  lives,  which  was  specially 
stiiking  in  the  case  of  the  Tori-shima,  the  total  population  of 
the  island,  abant  125  in  nninbor,  having  been  entirely  wiped  away 
without  leaving  even  a  tmce. 

The  exi>lo9ion  of  flio  Adatarii-san  was  central,  that  is  to  say, 
t(K)k  place  iioin  tlit  rUlctl  up  crater  of  the  (aiginal  volcano,  wliile 
those  of  the  Bandai-san.  Azama-saii,  and  Tori-shima,  were  each 
an  eccentric  outburHt,  liavlng  occurred  not  In  the  original  central 
crater. 

The  sabmai'ino  volcanic  outburst,  (v),  winch  took  place  near 
the  Minami  Iwo-jima,  was  very  remarkable  and  consisted  in  the 
ornption  of  molten  lava,  resnlting  in  the  formation  of  a  new  island, 
about  1  15  metres  in  height  and  nearly  '>  km  in  eircumfcrnice. 
This  island,  made  np  of  tiic  looso  material,  again  entirely  disap- 
jjeared  about  1  year  later. 

Of  the  5  cases  of  larger  volcanic  outbursts  mentioned  above, 
tlic  first  three  occurred  in  the  pi-ovince  of  Iwasliiro,  in  tlie  northern 
part  of  the  Main  Island,  while  the  two  last  occurred  in  the 
Pacific  and  lielonged  to  the  Fuji  volcanic  chain. 

*  The  itHtiiiuitiuD  u£  Uic  >oluint;  uf  uvwiy  u|ieued  i-mter  of  the  lJiUKku-«ttn  was  jdmIb  by 
tlia  Inle  PnfetMGia  S.  SeUyM  nwl  Y.  Kjkndii,  than  vdating  to  the  tbiee  other  •mkamm  m 
Imseil  on  tlw  otmrmtioin  at  the  incseut  nnthor. 
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XIM  •/  witeante  tmihurtta,  t998*W07*    During  the  14 

yeai*8  between  189;}  and  1907,  there  were  in  Japan  (Kuriles, 
Lyu-Kyu,  and  Foriuo.sa  excepted)  over  70  cases  of  volcanic  out- 
bursts, which  consisted  mostly  in  the  explosions  of  steam;  tho 
iDOontainB  most  aottve  dtuing  this  period  being  the  foUowing 
four: — 

Aanma-jmina  {picnriiiee  of  Bhimno)  ahoiifc  81  times 

XixUibimtt^jKnui  (pRmrjiwe  cf  HjqgR)  , . . .  „    19  „ 

A«>«(Sniriii»€f  Higo)   6  „ 

ShiMsieHMii  (pcoviiMe  <A  Xobmke)   „      6  p. 

Besides  these,  Azoma-san  (I^saik^-o-san),  Adatera-san  (Nu]iia»> 
shirl-yaraa),  Taramae-san  (in  Hokkaido),  Komaga-take  (Do.), 
Katta-dake  (province  of  Kiku/x  ii),  and  others  were  also  more  or 
less  active ;  thert^  l^eing  also  two  eases  of  submaniie  eruptions  off* 
the  raoific  coast.  The  approxiinatu  positions  of  these  volcanoes, 
14  in  number,  are  as  follow?;. 


VolcanoL 

Latitqde  (2^) 

- 

Longitude  (£) 

Komagnptukfl. 

42° 

(»4' 

iKr 

Jl' 

42 

42 

141 

23 

38 

OH 

140 

27 

37 

4A 

140 

15 

37 

38 

140 

16 

37 

37 

140 

04 

SIbiMiO  OttU. 

3G 

38 

138 

33 

3C 

85 

138 

80 

Iin>-d»ke. 

30 

15 

187 

36 

38 

54 

131 

05 

Kizidiiiiiit-jainn. 

ni 

5C 

130 

52 
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Voleaao 

LaUtnde  (N) 

Loiusitnde  (E) 

Neaz  Bajonnitt  Boole 

Sr  66' 

1B9»  64' 

Toffi-sliima. 

30  27 

140  07 

Erapliam  near  Mjnajni-  \ 

24  13 

141  29 

IwtMihiinB.  1 

As  a  strong  voleaoic  eruptton  has  usuaUy  a  number  of 
smaller  followers,  it  is  often  difficult  to  count  the  exact  number  of 

the  outbursts.  These  small  secondary  ones  have,  in  so  far  as 
they  can  be  identilkMl  sis  such,  been  excluded  from  the  followiug 
list  of  the  volcauic  distui'bances. 


Table  I.   list  of  Volcanic  Outbursts  in  Japan.  189^1907. 


TalnmOk 

Date. 

Time  of 
Ontbnnt. 

1894 

VeV. 

95 

lOO  aiH<*A.ii. 

DttoiiMtiwiii  AdM  flmiwii  ooL 

fi 

H 

as 

8 

90  ^ 

Amymai, 

—  ■*. 

7 

5 

~~  n 

DotoDatkituL  jUhn  ttnown  cot. 

BtimbUug  Mjuiub  oliw  hmtd  at  7.13 ;        ;  U.15 ;  OM ;  9.40;  10j02 
and  10.aa  A.M.  o(  Uw  sMne  day.  the  Inst  being  tliA  iinnBiit 

w 

13 

10 

40  A.M« 

XMoBuKotii  HoA  nqikrfiin. 

(l88aiky»«uii). 

M 

10 

Dekmatioiuk  Ashes  ttupvii  out. 

<« 

April 

4 

AMiDUtrjrnina. 

f* 

6 

1 

—  A.M, 

•» 

11 

0 

—  P.M. 

l4nii\  (IftonittiouK.  Atdios  Uinmu  out. 

A/.nmn-gnn. 

*« 

12 

10 

—  A.M. 

A>Jn5^  lliruwu  LrtiL 

AMtnm-yiima. 

»• 

17 

"  A.M. 

iK'tiiiijitioiiK.  .VhIks  tluuwu  out. 

tt 

« 

28 

ft 

•21)  I'M. 

«  hitlinrst. 

n 

M 

0 

—  A.M. 

IaiuiI  l>«!lonntkins.  AiUics  Uirowa  out 
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VolcaiKk 

DMe. 

Time  of 
Ontbutat. 

AfllHMl. 

Ibigr  94 

IMooattoiw.  Aflhea  ttnovn  ont. 

Judo  14 

Lond  ilciuiuiUoiM.  Adieu  Huown  out 

ill  Inrf^  qnaQtity. 

AKO-Hlkll. 

i3 

8    —  r.M. 

Ij<m<l  iU'totuttiuuK.  .Vhhcu  thiuwo  uttt. 

Tunimim  wo. 

Atlg.  17 

h    —  P.Jl. 

Smoke  emitted. 

1  ii 

1895 

a   —  A.JI. 

Dttuniitiona. 

- 

'  lvivttn-«lnke. 

Feb.  15 

0    -  A.M. 

Knioke  «mitt«L 

-  • 

19 

8  W  A.M. 

Aznnuv-Man 
{utmKyo  (MB). 

Mnndi  8. 

7   32  AJkl. 

Dctonatiuns  nnd  entindoDL  emake. 

•t  n 

9  4U  PJI. 

*•  w 

Jnljr  10 

0  30  PJI. 

«•  M 

Kni»m>^u-tiiki' 
(KiUta-tlnke). 

Dept.  w 

tt  — ^  AM, 

•»  » 

Kirinbiiun-jnunn. 

Oct.  16 

0  M  r.Ai. 

»•  T» 

n 

1896 

3  4S 

liBwd^detonttiioM  *iul  onuanin  of 

KiriflhinM'jiimii.  . 

Manii  15 

8  26  AJl. 

ExpMuD,  nooonniiiied  bjr  ^ 
of  mnk»  nnd  nBiiig  «C  ndMlk 

Juoa  as 

1  —  JLIL 

UetuiMtiaiw  nnd  tmimim  of  smok*. 
Aahes  thfown  oat 

It 

Dec.  21 

1  19  PJI. 

Exploiiaii.  Aiilm  ttuowti  oot. 

♦ 

I897 

fun.  U 

0  90  AH. 

DchmntioDA.  Rmoke  emitted!. 

lEiul  ofFeh.  to 
j  th(^  hcf^nning 
'of  Mnrch. 

- 

DetouOions  oontiiMieil  foe  sereml 
btlng  alioBgwt  on  Sinidt  9. 

•  Shimni'-siiri. 

•Tnly  31 

.->   —  .\.M. 

I>etunntiouK  iitid  cmu^Mou  uf  smoke. 

Kir>.-vliima'>  iuuiu 

Sept.  4 

«  —  A.M. 

i 

I^lxpluHtou. 
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ToUouio. 

1  Dnt«. 

V 

1 

Feh. 

1 

8 

U 

7  —  PJf . 

Load  detDnNtkmi  mid  esplcMioD. 

•  1* 

Dec. 

90 

11   _  1*1* 

(899 

Aaunu-ynovt. 

muvu 

in 

1  —  P.M. 

DctonatiuDii  nml  cxphjHiun. 

n 

10 

Explosioaa,   oontinuiDg  Cur  aevontl 

«■ 

l9 

11  —  A.U. 

Land  detotiiitiaiu  nnd  «3^1«kiii. 

Kitidtimn-jMBut. 

• 

as 

1  30  A.U. 

7 

7  —  PJI. 

i\£ulU^  XCU  lUr  m;!*  drill  imjK. 

«« 

•24 

j\]riiiuixni%*jriuuM. 

(Vt. 
Nov. 

in 

7 

** 

13 

7  30  r.u. 

£xpkMuni. 

OCX 

) 

sa 

7  —  AJL 

Detomitiaiui  ud  exploaioii. 

u 

7 

6  —  PJL 

n  w 

— 

le 

9  —  AJt. 

i*  n 

H 

19 

5  —  P.U. 

Jjoni  iUtouMooB  and  eEfdoaioo. 

n 

1 

(Am  noniiiis 

llo  noon. 

■• 

Midnigbt 

JDetonnilkoiw   fallowed  by  teveml 
ofhcn. 

p* 

31 

8  10  P.M. 

Iiond  detoniilian*  imd  cxpkaioii.' 

Adafsn-aftn. 

17 

«  ao 

Omak  cxplurfoD.  |8oe  ttw  Irt  ^) 

ai 

BiploiAni. 

flhinnc-flnD. 

Ck*. 

1 

3  —  A.U. 

Feeble  detoutioiiii  nnd  ospknloo. 

ANnnin-jrninn. 

Nov. 

19 

4  30  P.M. 

1 

Kxplutdon. 

Digitized  by 


IA»l  uf  Ilficent  \uUiiniL-  Kraptioiw  in  Japan. 


27 


Dnite. 

Time  of 

A— ^ 

Doe. 

14 

#»  — ""AJl 

IMUia  rtaUng  and  «xgihiiiiaii. 

• 

1901 

Ataimn-yoiua. 

t» 

0  25-5  00  P.M. 

Explcwkm 

w 

21 

10  30  A.M. 

Kmifgdnn  vl  taaoke. 

n 

25 

10   BO  A.M. 

» 

3G 

•2    LKJ  P.M. 

«* 

3xAr 

at 

Ang. 

G-8 

(AabOT  Idl  Aho  on  Bth  «ul  lOth.) 

1902 

1  —  PJI. 

XMonatiainii.  Adm  tluown  out. 

ToriHdiiiaii. 

Ang.  1 

dnotiikfal] 
ing  of  'i 

'  ImIwmii  «T0Or 
Ih  ana  thnt  of 

Omit  estdoRion.  tfle*  .tbe  lit  §) 

Shiniofi-iHiD. 

Sept. 

5 

Kvcuing 

Smnll  cxi>)usiim. 

w 

« 

17 

1  —  P.M. 

19 

Ann. 

03 

3  90  P.U. 

IMoiMtloiui  and  ez|laak)n. 

Kov. 

9  AJf. 

Oteitt  detanatiiMW  onA  oqilarioo. 

ANumi'Vamit. 
Neni  Uu)  Uinomi 


Shinne^nn. 


In  the  vicinity  of 
]i!i\uuiMuM<i;  Buck,  to 
ttM-'  HK  of 


1904- 

Ang.  i 
(AImmU  Nu>  .  23} 


90 


N<ion 


ftmolce  cmitteiU  i»n«T  hhJicn  tlimu  n  imt. 

A  grnit  Huliinnriue  erniitiun,  lesaltii^. 
nk  tbo  Cnrmntjou  oC  a  mew  ' 


Oct 


II  ■ —  F.lt<       E^pliinion,     AhIi.s  (MiitiinuNl  to 

thri  Avri  out  till  tlie  end  ot  tbe  yenr. 

Smoke  eiuittctl,  uml  DMlieH  tbtuwn  out. 


April  « 

betveen  7  and 
IS) 


Barly  morning 


)i  - 


flntoks  cuitteil. 

A  anbinarinv  ernption,  wliieh  coa- 
HntMd  pTubiibly  finr  nbont  one  veek. 
A  greiit  ({iiunlity  <if  pnmke  xem 
funml  fluitiug  on  itu^  ma\  Miirfucr. 


Digitizea  by  dOOgle 


23 


F.  Oiouri: 


Volniiio. 

I 

■finu"  (if 
OntbuiNt. 

* 

1907 

6fc—  P.M. 

(?iintinncd  from 

I)«>tonationt,  followed  hj  an  «-xpUj(tiu». 
A  nevr  cxBter,  sboot  60  ft  in  lengUi 
Mill  24  ft  in  vidlh  «M  funneil. 

.Wnui-yiuna. 

•Ian. 

18 

the  livening  of 
Itthtothemaro- 
ling  otlMi 

BuK^e  duittvxl. 

M 

Uaieh 

98 

0  —  A.1L 

flnoiln  «nitl«(U  anil  i 

udiM  tluowii  ont. 

W 

84 

Ewly  mmiiDg 

M 

n 

(in  Sbinanoj 

11 

ExpIostaiL  Aflhes  m 

Auuiiul  variation  of  the  /requency  of  the  volcanic  out- 
bursts. The  distribution  in  the  12  months  of  the  year  of  tho  80 
cases  of  volcanic  disturbances  contained  in  the  list  given  in  the 
preceding  §  is  shown  in  the  2nd  colmnn  of  the  following  table ; 
the  ligarea  in  the  3rd  column,  taken  from  the  late  Mr.  Ogashima's 
work,  Nippon  Saiishi,**  {A  competidittm  of  miumil  events  in 
Japan)^  being  the  annoal  distribation  of  the  113  volcanic  out- 
bursts, which  happened  in  Jaiwin  since  tlio  earliest  iiistoj  ieal  times 
down  to  ISSo'^. 


Table  11.   Volcanic  Eiuptions  in  Japan. 


^outh. 

80  Vol  Oiitbrwsta 
hi  i-ecout  j-OHi-s. 
1893-1907 

113  Yul.  f)utl)ursts 
rn'oixleil  iu  liisskirj'. 
(^85-1886 

Sum. 
(193  Ontbiinlis). 

I 

3 

G 

9 

n 

9 

•20 

89 

ni 

ii 

i:j 

25 

*  VtjT  Hooaanta  nt  biataiioal  TolGQiiia  onfbaiato  ia  Japan,  die  nailec  ia  abo  niemd  to 
Tnt.  •Tcfan  Uflnc'o  paper.  <*1]m  voloaooea  of  JniMB.''  in  the  Thraa.  Sdm.  Soe.  A»]Nia,  YoL  IS. 
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Moutli. 

.90  Vol    Oiif VmT«jfs« 

1893-1907 

1 1 ;{  Vol  OtithtirfttH 
rfx-oitled  in  history. 
C85-188G 

(193  Ontborsbi). 

r\- 

11 

14 

25 
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8 

11 

VI 
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4 

a 

vn 

8 
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16 

VUI 

11 

14 

25 

IX 

6 

9 

14 

X 

4 

3 

7 

XI 

6 

9 

14 

xn 

6 

G 

11 

Tho  annual  variations  of  the  recent  volcaiuc  oatbursts  and 
of  tbosG  which  oocuired  in  tho  historical  timos  aro,  as  illustrated 
in  Figs.  1  and  2  (PI.  XI)»  mutually  alike,  each  showing  two 
distinct  maxima  of  tho  freqnoncy.  Tbo  monthly  distribution  of 
the  two  sets  of  eraptions  taken  together  is  given  in  the  last 
column  of  thv  alxtvc  table  anil  illustrated  iu  Fig.  3.  From  the 
latter  it  will  bo  Hwn  that  the  nhsolutely  {greatest  fi(<ineney  (29) 
of  eruptions  occurred  in  J^<'l)i'uarj' ;  the  three  months  of  ij'cbruaiy, 
March,  and  April  together  forming  the  1st,  or  principal  epoch  of 
volcanic  activity,  followed  by  the  principal  minimum  in  June. 
Tho  2nd,  or  smaller,  maximum  frequency  (25)  occorred  in  Angustw 

(^MuptttiMm  with  the  tinuual  vari€ttio»  of  9eUtmie  fre^ 
queney.  To  compare  the  annual  variation  of  tho  frequency  of 
the  volcanic  erypj-ions  witli  that  of  the  seismic  iiequency,  I  giv(!, 
in  Table  III,  the  inenn  monthly  ]x^rr(»ntag('  mnul)ers  of  earthquakes 
ohsencd  instruiucntully  ut  tlio  mctuoiological  obsmatorles  of 
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Xagoya,  Gifa,  aud  Kamamoto,  Avbieh  places  are  shaken  mostly 
by  seigmic  distiirhancos  of  inland  origin ;  the  ti<juix'.s  having  boon 
fletluoed  from  the  dnia  given  iii  the  "  PiiV»iications  of  the  Imp. 
Eaithquake  luv.  Comm.",  No.  8. 


Table  III.    Mean  Montlily  Poiccntage  Xiiralwrs  of  Earthquakes 
at  Nagoya,  (Jlifn,  and  Kuiimmoto. 


Moutk 

Xagoyu. 

Gihu 

KuiuAiuoto. 

Average, 

T 

ia.3 

in.7 

10.9 

11.6 

TI 

t.o 

8.2 

9.n 

8.3 

TFT 

13.0 

0.0 

9.9 

10.9 

IV 

9.(5 

i:i9 

9.5 

110 

V 

9.0 

9.2 

10.5 

9.6 

VI 

6.3 

1 

6.9 

9.6 

7S 

VII 

r 

(J.0         i  G.0 

4.9 

5.6 

Vlll 

11.2 

7.5 

8.1 

IX 

0.6 

C.5 

7.5 

6.9 

X 

8.2 

8.8 

8.0 

XI 

s.n 

6.1 

6.5 

xn 

5.8 

6.5 

5.5 

&9 

According  to  the  average  valuen  of  the  monthly  seismic 
fi'cquency,  whicli  are  given  in  the  last  column  of  Table  III.  and 
wliich  are  graphically  illastrated  in  Fig.  4»  the  annual  variation 
of  the  frequency  of  the  earthquakes  of  inland  origin  shows  the 
epoch  of  the  principal  maximum  (  —  11)  in  March  and  April, 
with  the  prinnpal  luiaimum  (  r^r>.())  in  .Iiily  ;  tlicic  liciii.^  ;ni 
<'poch  of  a  secoiidarv  maximum  t  ='^)  in  the  iiumthH  of  August 
to  October.    The  \'«ri«tion  in  question  may  thus  be  i-egardcd  as 
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being  on  tlie  whole  approximately  giinilar  to  tbafc  of  the  frequency 
of  the  vohainic  eruptions. 

With  respect  to  the  cause  of  fclic  fio<ni('ncy  variations  of 
thi'S(»  two  phenomena,  it  is  to  ])e  rt'innrkwl  that  the  cnrtliquakcs 
of  inland  origin  are  much  atiect<Hl  by  tlie  atmospheric  pi*essure, 
as  discasaed  in  the  PublicatUmf  No.  8;  the  1st,  or  principal, 
seismic  maximum  above  mentioned  -  being  due  probably  to  tlio 
barometric  maximum  in  the  annual  Tariataon.  The  2nd,  or 
smallffl*,  aeismie  maximum  may  possibly  be  due  to  the  more  ex* 
tensive  or  stron]D;er  amon^  the  earthquakes  of  inland  origin  taken 
into  consideration  ;  tlic  annual  variation  of  lar;:;e  and  Hinall  shocks 
lx)ing  in  general  ojip()sit<!  to  one  another.  Thr  causc^  for  the 
two  maxima  in  tliB  li*equcncy  variation  of  the  volcanic  <'niptions 
is  probably  the  same  as  in  the  case  of  those  of  the  earthquakes. 
It  is  needless  to  add  that  fmrther  and  more  strict  iuvesti^tions 
in  these  connections*  are  neceBsary,  espedally  for  the  e^bmation 
of  the  secondary  maximum  in  the  fiequency  of  volcanie  erup- 
tions*. 

Seasonal  nuinftetn  of  volcanie  evnjttioiis.  The  following 
table  give-i  tlie  <liHtribution  in  the  four  seasons  of  tlie  vear  of 
the  101?  volcanic  eruptions  (Table  II)  and  of  the  percentage 
numbers  of  ttio  earthquakes  observed  at  Nagoya,  Gifu,  and  Kuma- 
moto  based  on  the  data  given  in  Table  HI. 


*  In  th<;  Il<'p<)TtK  (JftpftneHc)  of  the  Imp.  »irth<nuike  lav.  C<»am..  Ko.  56,  I  have  sUted  tljo 
view  that  the  Meuunclary  maximam  in  the  fmioeucy  of  tlw  vdoMiio  enptioDS  bm^  be  doe  to 
tlia  precMnm  ot  the  M>u  wator  at  fhe  baltosn,  Hn  sappaHttiaia  minted  in  tlie  piMsnft  pingmili 
■eemii  to  be  the  more  likely  one. 


Uigitizea  by  LiOOgle 


33 


F.  Qniari: 


Table  IV.    Seasonal  Distribution  of  the  A'olcanic  Eruptions 
and  the  Percentajie  Numbers  of  the  Kaithqual:(\^. 


Voksauic 

SeiBinio  Frequuui  >. 

Senaon. 

DrnptioDS. 
(193) 

Nugoj*. 

Gifo.  jKniiiAiiiola 

(tl 

31.0 

33.0 

30.3 

31.0 

(Jam*.  Jidlr,  AngmL) 

48 

23.5 

18.4 

82.3 

31.4 

35 

18.4 

83.8 

88.7 

31.4 

Wioter 
(Dec  Aia^  Feb.) 

49 

36.5 

35.4 

24.7 

86.5 

Thus,  for  the  volcttoic  omptions,  the  greatest  seasonal  .imtnlwr  of 
01  occurred  in  Sprtng,  being  1.7  times  greater  than  tlie  least 
number,  whicli  occnrml  in  Autumn.  For  the  mean  fi«qiienoy 
of  the  earthquakes,  the  greatest  peraentage  number  of  31.0  occur- 
red also  in  Spring,  being  about  1.5  times  greater  than  the  lojist 
number  of  21.4,  which  occurred  in  Sumnu'r  mikI  Autuiim.  The 
eunes  graphically  reprei^nting  the  variations  of  tlie  seasonal 
freriiieneies  of  tlie  eruptions  anrl  the  earthquakes,  givMi  in  Figs.  5 
and  0,  (PL  Xli),  will  lie  seen  to  be  on  the  Tirholo  similar  to  one 
another. 

yumbers  of  rotcawte  erupiions  in  the  9weeentve  years* 
Table  Y  gives  the  number  of  the  volcanic  cniptions  for  each 
of  the  years  1894  to  1007,  and  for  the  sake  of  comparison,  the 

total  miiulicis  (tf  <  !iith(}UHkes  (exelnsive  of  teleseismic  disturb  tiiees) 
observed  iu  Japan  duriug  tlie  iiuece.ssivo  years. 
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Table  V.    Yearly  Numbers  of  Volcanic  Eruptions  and 


Year, 

STiunbw  of 

Nombeo:  ol 

YoloKDjc  Ernptioiia 

Earlihqiiftkes*. 

1894 

17 

2,729 

1895 

8 

1,417 

1896 

3 

1,90G 

1897 

4 

1,727  • 

1898 

3 

1,561 

1899 

10 

1,682 

1900 

12 

1,831 

1901 

6 

1,615 

190S 

4 

1,401 

1903 

2 

1,243 

1904 

2 

1,142 

1905 

2 

1,901 

1906 

3 

.  1,661 

1907 

4 

1,642 

FomMW  exdodfld) 


From  Figs.  7  and  8  (PI.  XIII),  which  graphically  illustrate 
the  results  coutiiiucU  in  Tabic  V,  it  will  be  seen  that  the  relations 
to  time  of  the  numbers  of  the  cmptions  and  the  oartlKjuakc'S  are 
rather  alike  to  each  other;  in  each  case  the  absolutely  greatest 
number  occurring  in  1804,  and  a  maximum  in  1900. 

From  what  has  been  said  m  the  foregoing  |§,  the  volcanic 
activity  in  Japan  seems  to  follow  approximately  that  of  earth* 
quakes.  This  is  in  accordance  with  the  fact  that  large  volcanic 
eruptions  and  destructive  earthquakes  often  take  place  in  nearly 
the  same  epoch  in  difibi^'nt  parts  of  a  great  seismic  zone. 
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Annual  Variation  of  the  Volcanic 

Eruptions  and  Earthquakes  in  Japan. 
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Fig.  3.   193  teoent 

and  Usiorie&l 
Ydoaoio  £ra|Ak»8. 


ii.f- 


U.0 


X  =  Time,  in  months. 

ff  =:  Monthly  nnmlwr  of  volcaoic  eruptions  in  Japan. 
y'ss  lf«aa  monthly  perot^ntage  munber  of  eMfthquahes 
ol  inluid  origin. 


Fig.  4. 
Earthquakes  of 
luiiUid  Origiu. 
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Seasonal  Distributions  of  the 
Volcanic  Eruptions  and  Earthquakes  in  Japan. 


Fig.  8.    198  Volcanic  Eruptions. 


Fig.  6.  Earthquakes  of  Inland  Origin. 


y  -  Montlily  nnmher  of  vdoanio  eraptionH  in  Japan. 
■  y'ss  Moan  monthly  peroentagd  uomber  of  eartiiqti&kiBS 
of  inlaud  ongin. 


Digiiizea  by  LiOOglc 


1 


■1 


Digiiized  by  Google 


PL.  xm. 


Variations  of  the  Yearly  Numbers  of  the 
Volcanic  Eruptions  and  Earthquakes  in  Japan. 


Fig.  7.  Volcanic  Eruptions. 


I  HOT 


Fig.  8.  Earthquakes. 


/«9* 


taoti  /9»T 


y  —  Teuly  nnmber  of  volcanic  ernptions  in  Japan. 

„         „         earthquakes  io  Japan  (Foarmoaa  exoepled). 
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On  tbfi  Annual  Variation  of  the  Heigbt  of  SeanLeiFel 
along  Japanese  Ooaeta.  Sad  Paper. 

By 

F.  Omori,  8c 

Membw  of  tha  Imperiol  Enibqiiaktt  IhvMitigaiion  Oonmdttee. 

With  Pis.  XIV-XIX. 


InirodMoHiry,  In  a  provionB  note*  I  have  considered  the 
relation  to  the  barometric  pressare  and  the  seismic  firequency  of 
the  annual  variation  during  1002  of  the  lioight  of  sea-level  at 

Ayukawa  and  Mis«ki,  which  are  situated  tui  the  J'acific  eon.st  of 
the  >Iaiii  Island.  The  present  paper  treats  of  the  same  relation 
for  these  two  places  during  the  year  1903,  and  also  gives  tiio 
disGossion  of  the  sea^ievel  observations  during  1904  made  at 
Cfhoshi  (province  of  Shimosa)  on  the  Pacific  side,  and  at  the  four 
Japan-Sea  coast  stations  of  Otam,  IwasaM,  Wajima  and  Hamada. 
The  data  relating  to  the  mean  monthly  heights  of  sea  level  at 
Clioslii  are  based  on  the  report  of  the  meteorological  observatory 
at  that  town,  while  those  relating  to  all  tlic  other  places  liave 
been  furnished  by  the  Survey  Department  of  the  General  Stafl"  of 
the  Imperial  Army;  the  tidal  measurement  at  each  place  being 
made  by  means  of  an  automatically  recording  mareograph.  The 
approximate  positions  of  the  different  stations,  which  are  shown 
in  Fig.  1  (PI  XTV),  are  as  follows. 

*  Tbe  "  Fnblicntions  of  the  Eftrttujnukc  Iiiv.  Comm.",  No.  la 
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T^atitmlft  fX). 

T ^n<Yif A  ^T^i \ 

Otanx. 

13' 

141'  01' 

Iwasaki. 

40 

30 

139  55 

Ayukjiwa, 

38 

18 

141  31 

Cliuslii 

35 

44 

140  50 

iVIisaki. 

35 

10 

139  37 

Wajima  (Wajima-aiki). 

37 

25 

136  54 

Hamada  (Sotonouxa). 

34 

65 

132  05 

Height  of  aea-teuel  ut  Ayukmoa  and  Misal&t,  in  190S» 
Table  I  gives  the  mean  relative  monthly  heights  of  sea  smiiaoe  for 
1903  at  Ajiikawa  (province  of  Riknzon)  and  Misalci  (province  of 
Sagami),  wliilo  Tabic  K  pros  the  mean  monthly  atmospheric 
pressure  for  the  same  3'ear  tied  need  from  the  barometric  ob- 
sen'ations  at  the  meti'orologicol  obsei*vatories  of  Ishinomaki  and 
Yokosuka,  respectively  near  to  the  two  marepgraph  stations 
above  named. 


Table  I.  Mean  Monthly  Relative  Heights  of  Sea  Level  at 
Jtyukawa  and  XUakt,  1908. 


Aynkawa. 

MisakL 

Mean, 

Jauiiary. 

mm 

131 

ran 

101 

IIG 

76 

60 

08 

Murch. 

12 

0 

6 

April. 

0 

19 

10 

May. 

116 

102 

109 

June. 

187 

185 

186 
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Meeau, 

am 

168 

330" 

AilgnBl 

m 

206 

.390 

Seilember. 

246 

190 

318  . 

October. 

930 

,230  • 

330 

Koramtjor. 

166 

191 

179 

Beoember. 

187 

m 

160 

Table  1I\ 

Mean  Monthly 

■  Baroniotrir-  TL  ightfl  at 

Ishinomaki  and  Yokosaka. 

Momtk 

Ishiuotaaki* 

Yokosnka. 

Mean 

Jaanaxy. 

700+68.4 

mm  mn 

700  +  62.7 

«  > 

700+63.6 

62.7 

68.0 

62.9 

64.2 

63.9 

64.1 

April. 

63.3 

IVXl 

03.2 

Ma}'. 

m.o 

60.1 

00.1 

Juno. 

")(>.! 

65.9 

r,f5.0 

July. 

57.1 

Atigast. 

5H.S 

58.9 

r.8.9 

C1.2 

mj] 

00.9 

(>ctul«r. 

68.3 

02..-, 

02.9 

6H.4 

03.:i 

Deceiuber. 

61.6 

The  2nd  and  3rd  colamns  of  Table  III  give  the  rektive 
monihty  Yalnes  of  the  heights  of  sea  snt&ce  and  of  the  atmos- 


*  B^luced  to  fiCMi  level  and  the  freezing  poiat. 
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pheric  pressure,  respectively  moaned  from  tlio  Ayukawa  ant]  Misaki 
raareograph  observations  (Table  I)  and  from  the  Isliinomaki  and 
Yokosttka  barometric  readings  (Tkblo  II),  the  figures  indicated  in  the 
4th  column  being  the  relative  total  amount  of  pressure  expressed  in 
height  of  crater  column  at  the  sea  bottom  itself,  obtained  by  adding 
the  aqueous  and  the  atmospheric  pressures  as  above  deduced. 
From  Fi^'«:.  2  and  3  (I'l.  XV),  it  will  Ix)  soon  that  tho  annual  varia- 
tion oi"  the  lu^iglit  of  soa  surface  is  on  tlio  wlinlc  ojipositc  to  that  of 
the  atmospheric  pressure ;  tho  soa  water  being  hnvrst  in  Mareli,  and 
the  barometric  height  maximum  in  the  same  moutL  The  total  pres- 
sure at  the  sea  bottom  varied  relatively  between  110  and  308  mm,  the 
maximum  and  minimum  occurring  respectively  in  October  and  March, 
Table  TV  gives  the  data  for  1902,  meaned  from  Ayukawa 
and  Misaki,  as  well  as  the  total  pressure  at  tho  sea  bottom 
avera<;od  fi<)ni  the  two  years  1002  and  1003.  As  will  be  seen 
from  Fig.  H,  the  annual  variation  of  the  latter  qiumfity  jncsents 
the  maximum  in  Octol>or  and  tiie  minimum  in  March  and  April, 
tlie  amount  of  fluctuation  being  194  mm  of  water  column,  or  14.3 
mm  of  mercury,  which  is  about  1|  times  that  of  the  fluctuation 
of  the  monthly  mean  of  the  barometric  pressure. 


Table  m.  Mean  Relative  Monthly  Heights  of  Sea  Level 
and  Barometric  Pressure.  Affukawa  and  Mimtkt^  1908. 


Montlt. 

Height  of  bea 

Barometric 
Presmne. 

Total  Prossttve 
at  Sea  Bottom.* 

Jamuuj. 

Mm 

110 

mm 

6.6 

mm 

200 

Febniary. 

63 

6.9 

156 

March, 

0 

■ai 

110  (min.) 

April. 

4 

7.2 

112 

•  Exproaaed  io  cotoma  of  mtw. 
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Height  of  Sea 

LeveL 

Baramefajb 

Pressure. 

Ibtal  Tmssui-e 
at  Soil  Bottom*. 

May. 

mill 

4.1 

159 

June. 

0.0 

180 

July. 

214 

O.K 

22", 

Aqgiui. 

214 

2.9 

253 

Sopiember. 

212 

4.9 

279 

Ootober. 

2U 

6.9 

308  (max.) 

November. 

173 

7.3 

272 

Deoember. 

154 

5-6 

230 

«  1 

Talik'  IV.  Meau  Kelative  Monthly  Hcij^'lits  of  Sea  Level  anil 
Barometric  Pressnro.  Ayukawd  and  Mitaki.  190S  and  1008. 


Month. 

Height  of 
Son  Level. 
1902. 

Jiaixjmetriu 
l*res«ure. 
1902. 

Total 

I'rcssuii! 
nt  Sun 
Bottom.* 
1902. 

^IVjIal  PiiNouiuB 

at  Sea  Biittom.* 
1902-1903 
(mean.) 

January. 

Ill  in 

125 

5.1 

mm 

11M 

mn 

197 

ifabiuai'j. 

0 

S.3 

111  (ruiu.; 

134  • 

Marclu 
April. 

4(1 

7i  • 

(;.() 

4.0 

128 
128 

119 

^  (mill.) 

120  ^ 

^lay. 

142 

3.2 

185 

172 

Juue. 

171 

0.2 

174 

177 

•Tilly. 

18(i 

0.0 

18(; 

20(; 

August. 

205 

2.ti 

240 

247 

September. 

248 

2.5 

282 

281 

October. 

21U 

7.9 

317  (max.) 

313  (max.) 

Norember. 

111 

9.:{ 

2r.7 

270 

Bacember. 

1  207 

1 

r 

273 

251 
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Compariiij^  Yiga.  2  and  3  with  the  figures  in  the  IstpajKLT  (  the  1'nbli- 
cutiom.  No.  18),  wc  see  that  the  relation  of  the  variation  of  tho 
height  of  sea  surface  to  that  of  the  atmospheric  prf^snre  remamed 
essetniialty  identical  in  the  two  years  of  1902  and  1903,  the  only 
diflerence  being  ibat  tiie  ^poch  of  the  birest  water  and  highest 
barometer  occnrred  in  1903  in  February,  and  in  1903  in  March. 

In  1902,  the  amount  of  the  fluctuation  of  the  mean  monthly 
values  of  tho  height  of  sea  surface  was  248  mm,  while  that  of 
the  atmospheric  pressure  was  equivalent  to  12G  mm  of  column  of 
water ;  these  two  numbers  being  in  tho  ratio  of  197  : 100.  In 
1903,  the  amount  of  fluctuation  of  tho  height  of  sea  water  was 
somewhat  smaller,  namely,  214  mm,  that  of  the  atmospheric 
pressure  being  also  smaller  and  equivalent  to  110  mm  of  water 
colimrn.  These  two  latter  numbers  are  m  the  ratio  of  195 : 100, 
which  is  nearly  equal  to  that  for  1002. 

Observation  at  Choshi  (1904)*.  Tliu  following  table  j^ives  tho 
mean  monthly  values  of  the  relative  height  of  sea  suilace  and 
tho  atmospherie  pressure  at  Choshi,  near  tho  Capo  Inuboo,  in  the 
province  of  Shimosa. 

Table  V.    Mean  Monthly  Height  of  Sea  Snrfaee  and 


Barometric  Pressmo  at  Choshi, 

1904. 

Mouth, 

Height  of  Untk  Smfaoe. 

Barometrie  Yt&mae^ 

January. 

mm 

27 

700"+  62.6"" 

February. 

0 

63.6 

*  This  aoixxiiit  i>[  tL>j  Cliwihi  ulMmntiaa  ynm  nho  giTen  in  the  "Tohyo  SqgriRi  BnlMii 
GAkkwM  Kiji  tlidyo.  '  VoL  1. 

}  Witb  gniTity.  aca  levd.  mkI  fnudiig  ptrint  onnctioaii. 
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Month. 

Heigbt  of  Sda  Soifaoe. 

M.iux'h. 

mm 

75 

mm 

62.1 

April. 

27 

63.4 

May. 

7H 

June. 

48 

67.8 

July. 

130 

57.7 

190 

58.5 

S^'pfornlier. 

23r> 

58.3 

Uctuljer. 

215 

G1.4 

November. 

72 

61.2 

December. 

33 

G1.9 

The  above  figures  relating  to  the  height  of  sea  level  and  the 
barometric  pressure  have  been  deduced  from  the  reading  at 

fi  a.m.  each  day,  during  the  year  1904.  As  will  ho  seen  from 
the  ahovo  tablo,  ^vhi(•h  is  iHuptrnted  in  Figs.  4  and  0  (PI  XVI), 
the  sea  surface  was  highest  iu  September  and  lowest  in  Fohrnnrv, 
wliile  the  barometric  pressure  was  highest  in  I'ebraary  and  lowest 
in  June  to  September ;  the  annual  variation  of  the  two  quantities 
being  approximately  the  reverse  of  each  other,  as  was  the  case 
with  Ayukawa  and  Misaki. 

The  difference  between  the  moan  monthly  maximum  and  min- 
inmm  heights  oi  the  sen  surface  wa>?  230  mm.  wldlu  that  of  tlio 
atmosplieric  pressure  was  eqniviilont  to  8G  mm  of  water  column ; 
these  two  numbers  Ix  in./  'u  tlie  ratio  of  275  : 100. 

Jtymn  Sea  cowtt*.  The  annual  variation  of  the  height  of 
sea  surfiice  considered  in  the  preceding  §§  relates  to  threo  places 

*  An  accunnt  of  the  Jnpnn  Sm  mnot  otmenndiaiia  hiw  been  gfven  in  the  "  Taikyo  SqgBkQ 
BtttsQii  Unkkvrai  K^i  Gniyo, "  in  ]906, 
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on  the  Pacific  coast  of  Japan.  Let  us  now  consider  the  same 
subject  relative  to  the  JapaTi  Sea  coa8t,  there  being  on  the  latter 
tlie  following  four  mareograph  stations  ; — 

(  i  )  Hjunada,  in  (iie  pnovinoe  ol  Iwomi ; 

(ii)  Wajima,  on  tlie  noKfhem  coosfc  of  the  PeninBiilft  of  Nolo; 

(iii)  Iwaaaldy  on  tlie  western  oout  of  tbe  pprovinoe  of  Mntoa; 

(iv)  Otarn,  in  the  provuioe  of  Shiribeshi  (Hokkaido). 

Table  VI  givoB  the  mean  monthly  values  of  the  distance  between 
the  sea  snrfoce  and  the  datum  line  in  the  mareogram  at  each  of 
the  above  mentioned  places ;  Table  VII  giving  the  mean  monthly 
barometric  preesuies  during  the  same  year  observed  at  tbe 
meteorological  observatories  of  Hamada,  Wajiina,  Aomori,  and 
SapiX)ro.  The  two  last  cities  have  been  chosen  on  account  of 
their  proximity  respectively  to  Iwusaki  and  Otnru,  th(^re  lioinj^  no 
meteorological  observatory  at  tliese  two  latter  places.  1^'inaily, 
Table  VIU  gives  the  mean  montUy  values  of  the  relative  heiglit 
of  sea  surface  and  of  the  atmospheric  pressure,  deduced  from 
Tables  VI  and  VII  respectively. 


Table  VI.   Mean  Relative  Montlily  Position  of  the  bea  fduiiace. 

Japan  Sea  coaat,  W02* 


Monih. 

Jtelattve  dtsfauioe  between  the  sea  surface  and  tlie 
datam  line  of  the  Maieogram. 

Hamado. 

Wajima. 

IwasakL 

Otani. 

Jannaiy. 

February. 

Mtueh. 

mm 

307 
396 
319 

mm 

226 
330 
305 

180 
317 
277 

mm 

159 
278 
225 

mm 

218 
330 
282 
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Relative  distanoe  betweem  the  sea  maSaee  and  the 
datum  line  of  the  manogram. 


liiiUiiula. 

VV  ajiina. 

IwasiikL 

Otam. 

Mean. 

luiu 

laia 

mm 

inm 

ApriL 

807 

289"" 

211 

162 

242 

149 

164 

136 

119 

139 

Jane. 

117 

109 

136 

93 

114 

Jiily. 

83 

69 

112 

103 

92 

Angnst. 

M 

25 

79 

79 

54 

SepUiiuljer. 

0 

0 

0 

70 

18 

October. 

112 

73 

107 

0 

73 

Novomber. 

20G 

180 

170 

66 

156 

Deaember. 

193 

158 

165 

89 

149 

Tablo  Yll.  Mean  Monthly  Baromeirie  Prossure*. 
Japan  JSea  eoofft*  190B, 


Month. 

Hamada. 

Wajima. 

Aomcni. 

SappoEO. 

nun 

mm 

inMi 

Juuiwry. 

ny.ir> 

760.3 

757.22 

February. 

66.5 

iW.l 

63.3 

60.09 

March. 

62.5 

Chj.l 

61.6 

59.27 

ApriL 

60.6 

61.2 

58.4 

55.20 

May. 

57.6 

68.7 

58.3 

56.32 

Jiuie. 

644 

66.1 

56.1 

62.23 

Jidj. 

66.0 

65.7 

66.0 

56.06 

August 

56.8 

57.4 

69.0 

67.78 

September. 

56.6 

67.1 

68.7 

57.90 

Oeiober. 

63.8 

64.2 

64.3 

62.24 

Xovomber. 

65.1 

65.7 

65.1 

l^ecember. 

62.5 

62.2 

j  61.1 

59.66 

*  Badnoed  to  the  ftvoriog  jwint  nnd  tbe  Ma  larct. 
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pressure  in  the  ratio  of  197  :  100,  or  very  nearly  in  ilio  ratio  of 
2:1.  Tiie  soa  bottom  pressure  is  maximum  in  October  or  Sept- 
omber,  and  miiiimum  in  February  to  April 

The  increase  daring  the  summer  months  in  the  height  of 
sea  level,  as  above  described,  is  to  be  explained,  partly  by  the 


fall  in  that  epoch  of  the  year  of  the  l)aroinctiie  pressure  over 
Japan  and  the  neighbouring  seas,  and  paiily  by  the  presence  of 
a  high  pressure  centre  on  the  northern  Facifio  in  the  yicinify  of 
the  Aleutian  Islands.  Thus,  if  6  and  c  (see  the  annexed  diagram) 
represents  the  normal,  or  mean,  level  of  the  sea,  the  latter  will 
bo  depressed  to  b'  and  c'  through  the  inflaence  of  tlio  high 
pressure  area  at  c,  and  elevated  along  the  coasts  of  Japanese 
Islands  under  the  inllucnce  of  the  low  pressure  at  a,  the  result- 
ing equilibrium  surface  of  water  being  a  curved  form,  h'  and  c'. 
Similarly  the  decrease  of  the  height  of  sea  level  in  the  winter 
months  is  to  be  explahied  by  the  rise  of  the  barometric  pressure 
over  Japan  and  the  presence  of  a  low  pressure  centre  on  the 
Northern  Pacific.  It  is  probable  that  the  co-existence  of  the 
centres  of  high  and  low  barometric  pressures  respectivclv  over 
the  land  and  the  ocean  (or  rice  versa)  causes,  by  the  supcrpo>^itit)n 
of  the  efl'ects,  the  amount  of  the  annual  variation  of  tlie  heigiit  of 
sea  to  be  approximately  doable  that  of  tlie  atmospheric  pressure*  - 

SeUnUe  fteq^vncy  and  total  presstni>e  at  sea  ftottom. 
To  compare  the  annual  variation  of  the  frequency  of  earthquakes 
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of  submni  iiio  origin  with  that  of  the  total  pressure  at  sea  bottom, 
I  indicate  in  the  following?  tal)le  the  mean  monthly  percentage 
numbers  of  earthquakes  foi-  Nemuro,  Miyako,  Islunomaki,  Kochi, 
and  Hamada ;  the  figures  being  based  on  the  data  given  in  the 
**  Pablications  of  the  Earthquake  Inv.  Cbmm.",  No.  S.  Of  these 
five  places,  each  of  which  is  disturbed  mostly  hy  earthquakes  c£ 
submarine  origin,  the  first  four  are  situated  on  the  Pacific  coast 
of  7apan,  and  the  remaining  one  cm  the  Japan  Sea  coast. 


Table  DC   Annual  Variation  of  Seismic  Frequency. 


Month. 

1  

Nenmvo. 

1 

Mi^'ako. 

laUiuv 
mftki. 

I 

1  Koclii. 

1 

Hamnda. 

Mean. 

Jiuuuir}'. 

fi.6 

6.3 

4.1 

6.9 

6,8 

5.9 

FebnwTy, 

C.5 

4.4 

5,7 

11.7 

6.8 

65 

7.7 

8.1 

5.3 

9.3 

6.8 

7.8 

April. 

7.8 

10.0 

8.1 

9.3 

8.8 

8.1 

May. 

9.4 

0.9 

8.1 

4.8 

3.3 

7.1 

Jane. 

9.4 

9.0 

7,5 

10.5 

3.3 

8.2 

July. 

9.fi 

12.2 

11.5 

8.1 

3.3 

9.8 

Angnst* 

8.0 

12.1 

13.2 

G.9 

13.3 

10.9 

S6pt3iub6f. 

8.4 

5.3 

10,5 

5.7 

10.U 

8.0 

October. 

9.4 

9.7 

8.4 

8.1 

20.0 

10.4 

Ncnreinber* 

8.4 

9.0 

11.0 

8.1 

10.O 

9.4 

Deoember. 

8.8  ' 

1 

0.9 

0.8 

1 

10.6 

13.3 

8.6 

Tlie  mc;nn  seismic  frequency,  •;iven  in  tlie  last  column  of  the 
above  table,  has  been  deduced  from  the  figures  fbr  the  five 
dificrcnt  places ;  the  weight  of  ^  the  data  relating  to  Kochi  and 
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Hamada*  whose  earthquakd  numbers  were  not  ntinierons  enough, 

l)oin«r  token  as  half  of  that  foi'  the  others.  Tlie  annual  variation 
of  thii  nmin  .si'ismic  frei[Uoncy  thus  obtained  i*?  illustrated  in 
Fig.  11,  while  that  ot"  the  relative  total  sea  bottom  pressiu'e, 
deduced  by  taking  the  means  of  the  results  relating  to  the 
Pacific  and  Japan  Sea  coasts  is  illustrated  in  Fig.  10. 

From  a  comparison  of  Figs*  10  and  11»  it  will  be  seen  that 
the  fi^uency  of  submarine  earthquakes  follows,  on  the  whole, 
the  variation  of  the  total  pressure  at  the  sea  bottom.  Thus,  the 
earthquake  number  is  niinimuni  iu  January  and  Folnnary,  and 
maximum  in  August,  and  tlie  sea  bottom  pressure  is  ininiiutini  in 
Febmarj'  to  April,  and  maximum  iu  Septemlwr  and  October. 

Slronger  earthquakes  of  nubnmrine  origitu  The  seismic 
frequencies  considered  in  the  pi-eccding  §  relate  essentiaUy  to 
small  ordinary,  or  non-deatnictive,  earthquakes  and  may  there- 
fore, in  their  annual  variation,  be  diflbrent  from  those  of  shocks 
which  are  large.  Thus,  foi*  instance,  taking  the  319  stronger 
earthquakes,  which  happened  Itetween  1002  and  li»0()  off  the 
eoasts  of  .Tapan,  and  wliose  land  area  of  disturbance  was,  with 
a  few  exceptions,,  greater  than  1.000  square  W*,  we  Hnd : — 


Tabic  X.    Amiiial  Variation  of  Stronger  Submarine  Karthquakes. 


Jkloutk. 

Nnmber  of 
Enk«c 

Mouth. 

1  Nntnber  of 
[  EqkeH. 

.Tuuiinrv. 

25 

July. 

i  38 

Fobriirtvy. 

39 

August. 

27 

Hatch. 

25 

September. 

23 

April. 

19 

Oetober. 

i  28 

May. 

28 

Noveinlier. 

20 

•21 

«  1  rt«3.9S71tn.  iMnrly. 
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Tho  annual  variation  of  those  larger  Biibmaiine  earthquakes, 
fllnstrated  in  Fig.  12,  indicates  the  maximum  in  Februaiy,  and 

is,  on  the  whole,  opix)site  to  that  of  tlie  small  shocks. 


— 1  


Fig.  1.   Map  of  Japan. 
Bhowmg  the  poritUm 
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Annual  Variation  of  the  Height  of 
Sea  Surface  and  the  Atmospheric  Pressure. 

^yukawa  and  JiisaH,  190^ 


Fig.  2.   Atmospheric  Pressure. 
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Annual  Variation  of  the  Height  of 
Sea  Surface  and  the  Atmospheric  Pressure. 

Ckoshi,  igo4. 


Fig.  4.  Height  of  Sea  Surfaca 
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Fig.  8.   Atmospheric  Pressure. 
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Annual  Variation  of  the  Height  of 
Sea  Surfiace  and  the  Atmospheric  Pressure. 

Japan  Sea  Coasi,  i<j02. 


Fig.  6.  Atmospheric  Pressure. 


Fig.  7.   Height  of  Sea  Surface. 
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Annual  Variation  of  the  Total  Pressure 
at  the  Sea  Bottom. 


Fig.  8.  jijn^wa  and  Misaki.  igoa-igoj. 
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Annual  Variation. 
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Fi^.  10. 
\-     Relative  Totnl  I'roKstire 
at  Sea  Bottom.  (I'nciflc 
and  Japau  Hea  Coaai) 


Fig.  11.  Eqke  Fj«qiien07. 
(NemwD,  Hiyakok 
Ddiinoniaki*  Koohi, 


Fig.  IS. 
Fzequenity  of  Stamngar 
Eqkes  of  sabmarine 

origin.  (Whole  Japau.) 
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Note  on  the  Annual  Variation  of  the  Height 
of  Levd  of  Lake  Biwa. 

By 

r.  Onori,  Se.  D., 
3I«nber  of  the  Imperial  Earthquake  luveatigalioti  CominiUee. 

With  Pis  XX-XXI. 


The  Lake  uf  Biwa*,  iii  the  province  of  Omi»  is  the  largest 
of  the  tfort  in  Japan  and  is  situated  near  tho  middle  of  the  Main 
Island ;  its  surface  being  about  86  metres  above  tho  mean  sea 

lovcl,  and  its  area  40.5  s<iuarc  nj,  or  717.2  sq.  km.  The  observa- 
tion of  the  water  level  along  tho  coast  of  the  lake  was  made,  during 
the  12  yeara,  1 808-1  i)04,  at  '22  stations,  to  which,  since  1905,  uiuo 
more  were  added ;  the  datum  line  being  282.53  shaku  or  85.01  metres 
above  the  mean  sea  level  at  Tenpo-san,  Osaka.  The  mean  height 
of  the  surface  of  the  lake  water  for  each  month  during  the  14 
years,  1893-1006,  obtained  by  taking  the  av^ge  tho  measure- 
mentH  at  the  diibrent  places,  is  given  in  Table  I 

From  Table  i  it  will  bo  oliscrved  that  tho  water  was 
hiiihest  niostlv  in  T>e<'emb('r  and  lauuarv  ;  the  amount  of  the 
lluctuation,  or  tlic  diflbrcnce  butwoeii  the  maximum  and  minimum 
monthly  heights,  vaiymg  between  8.18  shaku  (=218  cm)  and  1.40 
shaku  (=42  cm.).  The  extreme  monthly  heights  of  the  water  level 

*  An  Msooant  of  the  enrtfaquiike  aonm  Moondl  tlw  Biii»  Lak»  Imhi  bawi  giv«n  la  Qm 

MuUttiH,  v.. I.  I,  N...  a. 

t  1  ri«3U  c/(w-'i.4  aiiluH,  ur  aOT^T  kia. 
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and  their  11101*1*01160  ia  each  of  tlie  14  yuAva  under  conBidcfation 
are  given  in  Table  II. 

Table  I.    Aleau  Monthly  Jleighfc  of  the  Jx-'vei  ol'  J^akc  liiwu'-'. 
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3.71 
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IM 
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0.18 

'  3.99 
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2.41 
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;  9.42 

1 
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480 
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2.67 

3M 
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3.78 
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im 

l.»0 
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1.5S 

1.71 

1J50 
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IW 
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2j02 
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3.18 

4.30 
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1.79 
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lUOO 

J. 40 

i.es 

1.00 

i.72 
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1JP3 

1.7B  j 

|JR9 

1.80 
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1.90 

2.fl5 

1901 

1.74 
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1.95 
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0.94 

0.17 

0.04 

1.16 

1902 

-0,05 

0.06 

0.47 

1.10 

2.23 

1.9U 

1 

1.02  j 

2.33 

1.15 

1.23 

nil 

-0.11 
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1003 

0.31 

1.7B 

0.83 

9^0 

2.40 

2.34 

4.27  1 

24N) 

0.52 

0.S0 

0.35 

0.43 

1.56 

19M 

0.15 

0.21 

0.58 

0.48 

OJIl 

0.!)1 

2.22 

1.21 

1.52 

1.D2 

O'Jl 

O.MO 

1.02 

IHOT) 

1.33 

l.il 

KU) 

1.37 

1,17 

1.2'J 

2.1)3 

2.;fc) 

1.73 

0.37 

0.08 

-o.(y2 

1.30 

JUiHt 

1.00 

l.V) 

1  'JO 

1.27 

O.Cl 

0.67 

2.01  . 
J 

1.05 

Ihh 

1.25 

0.78 

1.23 

1.43 

1.00  j 

1.88 

2.31  : 

2.33 

1.94 

2.63 

9Ai 

8.38 
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Annual  Variation  of  the  Seismic  Frequency 
and  the  Pressure  at  the  i-ake  Bottom. 
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Table  II.   Maxinioin  and  Miuimum  Heights 
of  the  Lake  Water. 


Yt».)ii' 

Maximmn  Height. 

Miuimiim  Height. 

Difforoiia;. 

3.93 

1.76 

(Aug.) 

4  17 

IflfU. 

3.47 

(  ) 

0.20 

(Nov.) 

'A  97 

618 

(Aug.) 

0.G1 

(Jan.) 

R  157 

^  189C 

9.74 

(Sept) 

1.66 

(  ) 

8.18 

1897 

H.98 

(Miiy) 

1.77 

(Deu.) 

2.21 

1898 

2.69 

(•My) 

0.96 

(Nov.) 

1.73 

1899 

4.29 

(OqL) 

1.67 

(Jnn.) 

2.62 

'  1900 

8.16 

1.49 

(  ) 

1.67 

1901 

3.5C 

(July) 

0.04 

(Dev.) 

2.52 

1902 

2.83 

(Aiig.) 

-0.11 

(  ) 

2.44 

1903 

4.27 

(July) 

0.31 

(Jan,) 

3.96 

1904 

2.22 

(  «  ) 

0.24 

(Feb.) 

1.98 

1905 

2.93 

<  «  ) 

0.02 

(Dee.) 

2.95 

1906 

2.01 

(  ) 

0.61 

(May) 

1.4U 

In  the  following  tabk-  I  <^i\c  tho  averaj^e  heights  of  tlie  lake 
water  for  tlu'  (liflTerciit  months  of  the  year  (leduced  from  Table 
I,  and  also  tlie  jneiin  monthly  barometric  licights  observed  at  the 
motcui'ulogical  observatory  of  llikono,  which  is  situated  on  the 
south'Oustei'n  coast  of  Lake  ]3iwa. 
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Tubic  III.   Aniiual  Variations  of  the  Uiiight  of  Lako  Wator, 
and  of  the  Barometric  I'l'OtMare  at  Hikone. 


Barometric  rtamora. 

Total  pinHsuro  at 
ilia  Lake  13ottum. 

Moiitli. 

(i) 
mam 

(lit 
Bdntive 

(Itt) 

Uuntlily 

(iv) 

BUM  M 

(iv).  exwcNwl 
in  <iiiavnl«iit 
nOniiiB  of 
watar. 

Rnmuf 

(vii) 
lieliitive 
VtoMkm. 

, — _  

r 

initku 
1  13 

VWBw 



mill 

764.5  ' 

WM 

6.9 

0.31 

0.67 

035 

11 

1  66 

64.7 

7.1 

0.3S 

0.81 

0.49 

lU 

1.88 

0.71 

63.9 

6.3 

0.28 

0.99 

0.67 

IV 

2.:U 

1.14 

(il.9 

4.3 

0.19 

1.33 

1.01 

V 

2.32 

1.15 

.'>9,8 

8.2 

0.10 

1.25 

0.93 

VI 

1.91 

0.77 

57.0 

0.0 

0.00 

a77 

0.45 

vri 

1.48 

57.(1 

0.0 

0.00 

1.4.S 

1.16 

\  Til 

•2:m\ 

1.19 

0.2 

O.Ol 

1.20 

0.68 

IX 

1.15 

O  .) 

o.lo 

1.25 

0.93 

X 

1.06 

(>3.0 

5A 

0.21 

i.ao 

0.98 

xr 

l..'>2 

0.35 

(J1.8 

7.2 

0.32 

0.67 

0.35 

XIT 

1.17 

0.00 

r,i.7 

7.1 

0.32 

0,00 

Witli  rc<^ard  to  the  annual  vnrintion  of  the  Uiko  level,  we 
sec,  frum  (ii).  Table  111,  tiial  tlic  difierciiue  between  the  maxiinmn 
uud  miiiiiDiini  Tiiuntlily  lieights  was  1.48  }<:haku  (=44.1)  cm.),  the 
corre8iK)uding  ciiaugo  in  the  voiumo  of  tho  water  of  tho  Itiku 
being  10^x3.22  cubic  metres  or  about  0.322  cubic  km. 

As  will  be  aeon  from  the  grapliical  illusti'ation  iu  Fig.  1 
(1*1.  XX),  the  level  was  higher  in  April  to  Octobw  tliau  duriii^,' 
tliti  other  nioiitlis,  and  its  anuuul  variation  is  nearly  oi)posifce  to 
that  ol*  tlic  baxoiuctric  pressure  (Fi^^.  ;.').    Tlic  amount  ol  llucLua- 
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Nflt«  nn  tliR  Anonal  Vnmtion  of  tbr  Height  at  Lercl  nf  Liike  Itiwn. 


tion  of  the  monthly  mean  of  the  latter  is,  however,  only  7.2  mm 
of  mercury  (=0.32  shakH,  of  water),  or  about  one-fifth  of  tliat  of  the 
,  former  ;  the  annual  variation  of  the  lake  level  depending  probably 
almost  entirely  on  the  precipitation  in  the  surrounding  districts. 

The  following  table  gives  the  average  monthly  amount  of 
precipitation  at  Hikone  and  at  Kyoto,  the  latter  plaoe  being 
sitnated  gome  distance  to  the  south-west  of  the  Lake  of  Biwa. 


Table  IV.  Precipitation  at  Hikone  and  Kyoto. 


Mouth. 

Hikono 

Kyoto 

Mean 

.Tnniuur}' 

Fobmnicj 

March 

April 

May 

Jnne 



imm 

70.8 
107.4 

mo 

12C.1 
77.0 
188.7 

mm 
62.4 

02.7 
114.3 
10&3 
146.3 
240.6 

mm 

04.1! 

STkI 
12.9.7 
147.2 
112.7 
214.0 

•Inly 

Angnfit 

Septombnr 

October 

November 

December 

135.5 
189.7 

93.4 
137,4 

82.7 
101.6 

182.7 
120.9 
157.4 
136.8 
86.0 
60.1 

169.1 

166Jt 

!  126.4 

130.0 

84.7 

i  76.8 
1 

As  illustrated  in  Fig.  2.  the  annual  variation  of  the  precipi- 
tation at  Kyoto  and  Ilikono  is  very  similar  to  that  of  the  height 
of  the  lake  suifaoo  (Fip.  11. 

Annunl  variation  of  setmnic  ftequency  nt  Hikone' 
The  monthly  number  of  earthquakes  observed  instrumcntally  at 


F.  Qmnri: 


tlie  meteorological  observatoir  of  Hikonc,  between  1894  and 

1907,  arc  as  follows. 


Table  V.   Monthly  £artliquake  Xumbera  at  Hikone. 
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As  shown  in  Y\\i.  4  (IM.  XXf),  tho  siimiinl  variation  of  the 
soismic  frequency  ut  TTikone  intlieatt's  the  niaxinium  in  August, 
diffcnng  in  this  respect  from  those  for  the  othor  stations,  such 
as  Kj'oto,  Nagoya,  and  Knmamoto,  which  are  sliaken  more  by 
(ui'thqiiakes  of  inland  origin,  and  whose  seismic  frequency  is 
generally  minimum  in  Summei'J.   Now,  according  to  Table  III, 

•  rxelmliil  in  ilttliu-iiiK  thf  n\vi\u  fr«><iiK'iii-y,  iH-itiu  ilni?  U»  the  ttlmtulHnc«  lA  artcr-Klux'ks 
nC  tbe  fio^-eie  lUDo-Owari  enttlninnlcf!  o(  .fan.  10,  llOi. 
{  Sec  tbo  "rulilfcnHoun,"  No.  8. 
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the  total  pressure  at  the  lake  bottom,  or  the  sum  of  the  -water 
and  atmospheric  pressmres,  is  maximum  in  Jnly,  and  its  annnal 

variation  is  sdinewhat  similar  to  that  of  tlje  height  of  the  ^vrtter 
levH,  The  change  of  pressure  at  tlie  hottom  of  the  lake,  Nvliose 
mean  amiual  .ampUtude  is  l.iO  shaku  (=35  cm),  or  3.6  times 
greater  than  that  of  the  barometric  pressure,  may  posBil%  be 
the  cause  of  the  annual  variation  of  the  seismic  frequency  pecu- 
liar to  Hikone. 


Idst  of  the  StaxHQger  Japan  Earthquakes* 

1903-1907. 

By 

F.  (>i»H»i  i.  Sc.  D., 
Member  of  the  Imperial  Barihquake  luTasygation  Committoe;. 

Tlie  total  number  of  cariliquakes,  which  originated  in  or 
about  Japan  during  the  last  six  years,  1902  to  1907,  was 
11,628,  giving  the  average  yearly   frequency   of   1,606,  as 


follows. — 

Year.  NuniWr  ol  vt{\im, 

1902   1,488 

1903   1,:«9 

1904   1,230 

1905   1,UG3 

1906   1.792 

1907   1,800 


Among  these  earthquakes  which  were  mostly  slight  and  local« 
there  w^  621'*,  which  were  extensive,  and  whose  land  area  of 
motion,  as  observed  with  ordinary  Gray*Ewing-MiIne  type  seis- 
niogniphs,  was  over  1,000  square  ri  (1  ri=S.d27  km).   The  an- 

mini  frequency  of  these  larger  eartlujuakes  varied  between  70 
auU  132,  as  follows : — 

*  Int-htaing  *  few  ^]iioal  ttaOtiuafStm  tt  inluul  oifgfn,  vrbtme  mot  vm  behrooii  8€0  moA 
l.(KW  Ml.  ri. 
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Monthly  and  Yearly  Nnmberg  ol  Larger  Earthquakes. 
Whole  Japan.  1902—11)07. 
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8 
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11 

50 
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7 

6 

G 

6 

10 

9 

42 
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8 

6 

6 

11 

0 

7 

U 

Sum, 

95 

76 

.89 

182 

128 

101 

621 

The  unusually  larj^o  monthly  niunber  of  29  for  .June  IDO'j  (inarkcil 
with  ail  aslcrt'^k)  was  due  to  the  occumMice  of  the  strong  0-shinm 
and  Inland  Sea  earthquakes  and  tlieir  after- shocks.  The  average 
yearly  seismic  fireqaency  is  about  104,  or  at  the  rate  off  nearly 
twice  per  vreek. 

The  land  area  of  ficusible  motion  of  the  G21  earthquakes 
under  consideration  varied  bet\reen  about  100  sq.  ri  to  over  20,000 
sq.  ri,  the  numbers  of  the  shocks  of  difl^nmt  extension  being  as 
shown  in  (he  following  table. 


eo 
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Numbers  of  Earthquakes  of  DifTerent  hemii  Areas  of 

Sendlde  Mdion, 


LiiUil  iiroii  of  seiisiblo 

XumlH>r  of 

1 

aren  of  sensible 

Numl)ei'  of 

motion. 

eartliniinktiH. 

motion. 

earthquake 
■  — — 

.,              ^  .  _  .  .  . 
tiiider  SOCT' 
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7,601—  8,Oc!5  ' 
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fiOl— 1,000 

112 

8,001—  8,600 

7 

1  ivti    1  Knn 

tut 

fi  RM     o  Ann 

A 

on 

oa 

o  mi  a  (^An 

1 

A. 

9  AAI     <k  tUttl 
jfW'i. — ^tnnf 

RQ 

o  Rnt    1  n  Afvi 
V,OUX— XI  V,UIIU 

X 

2,501—3,000 

sc 

10,001—10,500 

3 

3,001—3,600 

35 

10,501—11,000 

4 

ao 

11  fiAi    11  fsnn 

1 

4,001—4^600 

33 

11,601—12,000 

2 

4,501—5,000 

10 

12,001—12,500 

1 

6.001--6,(i00 

16 

12,601—18,000 

0 

6,501—6,000 

19 

13,001—13,500 

0 

6,001-^6,600 

8 

13,601—14.000 

1 

6,501-7,000 

10 

14,001—14,600 

1 

7,001—7,500 

7 

14,601—15.000 

2U,r>01— 21,tK)0 

0 

1  : 

1  ' 

CSonfining  our  attention  to  those  earthquakes,  whose  land  area 
of  iensible  motion  was  over  500  sq.  r»,  we  see  from  the  above 
table  that  the  areas  of  the  majority  of  these  ai-e  included  between 
601  and  6,000  S(i.  rl.  EHpccially,  the  earthquakes  of  the  area 
between  501  and  2,000  sq.  ri  were  inimerous,  and  their  total 
number,  namely,  280,  is  very  nearly  equal  to  that  of  all  the 
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shocks  of  the  ami  l)otwot'n  2,001  aufl  -M.OOO  sq.  r*,  namely,  283. 
Very  extensive  disturbances  happened  of  course  not  very  frequently, 
and  there  -were  only  18  earthquakes,  whose  area  of  sensible 
motion  miA  over  9,001  sq.  rL 

PI.  XXII  graphically  illustrates  the  variation  of  the  frequency 
of  earthquakes  of  the  different  land  areas  of  sensible  motion. 
The  mean  curve  seems  to  ho  approximately  a  losfarithmic  ciU've, 
l)ecomiiii^  (quickly  asymptotic  with  the  increase  of  the  area. 

Tlie  accompanying  list,  wliich  has  b(H;n  compiled,  with  a  few 
corrections,  from  tho  seismoiogical  notes  in  the  successive  monthly 
numbers  of  the  *'Ki8ho  Yoran*'  {Weather  Review)  published  by 
tho  Central  Meteorological  Observatory,  gives  for  each  of  the  621 
strong  and  moderate  eartlupiakes  under  question,  Uie  following 
partiPiilars : — 

(1)  .  Date. 

(2)  .    A]>pix>.\iinutt!  tiiuH  <»f  cai tii(|UJikt!  tK-iuviruce  at  the  t>picoiitri}. 

Thf'  time  mv^n]  is  that  ul  lougitiulo  I'dit^  E.  of  Gi^eeuwich,  uaiuely, 
i\m  1st  Xormnl  Jnpan  Time. 

(3)  .  Appix)ximiite  imlifJilioii  of  the  ]K>>iti<iii  of  tlio  <aiili(|nahi^  oiij^^in. 
(•A),  (5).    Tjnn«j;f>r  mnl  slioit<'r  axes  of  tlit;  laud  iimi,  within  wliicli 

laotinii  M  as  iiitf^nse  enough  to  rtconiiKl  by  the  orilinnry  Cbiiy- 
Kwiiig-Mihio  iy]^  Hpismofin'aphs ,  tlni  s<'isiiijc  <listnrbnno«  beiiig 
misiUc  only  in  n  portion  of  th»  n '^imi  thns  detenuiiieil. 
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the  following  relations: — 


Digitized  by  Google 


F.  Qmori; 


J       1  rj'=3.93  km  =  2.H  miU  s. 

(1  eq.  ri— 15 aj.  kra=t>.lH>  »].  lolles. 

For  tlie  names  and  positioDS  of  the  different  provinces,  the  reader 
is  referred  to  the        map  of  Japan  given  in  the  **  Bulletin " 

Vol  I,  PI.  xxvn. 

The  inteiisitv  of  ordinaiT,  or  iion- destructive,  sensible  motion 
is  here  iiuhcated  as  '*  strong,**  "  moderate,"  or  "  slight."  A 
**  slight "  shock  is  one  which  is  very  feeble  and  just  sti-ong 
enoagli  to  be  felt ;  a  moderate  "  shock  is  one  whose  motion  is 
well  iHX)nounced,  but  not  bo  severe  as  to  canse  general  alarm; 
and,  finally,  a  **  strong  '*  shock  is  one  which  is  safBciratly  intense 
to  cause  people  to  nm  out  of  doors,  to  tlirow  down  famitures, 
to  produce  alight  cracks  of  walls,  etc. 
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810 

UfiO 

99 

0  66  A  tn. 

Off  the  coMt  of  Rhlimwiii 

190 

90 

•i.'JO 

400 

eao 

24 

11  47  aJn. 

n  Rikiueii. 

960 

100 

G40 

2.280 

2,i>50 

M7D 

1906 

Jun.  9 

4  98  piai. 

K.  part  of  BikBtien. 

80 

50 

80 

1.340 

LI80 

II 

11  ftS  pjn. 

Off  Oifl  ooait  ftf  Taito(FaanoMk] 

100 

120 

240 

GfiO 

900 

11 

7  1B  UB. 

a.  port  <if  HorauMi. 

90 

? 

SfiO 

340 

700 

29 

8  91  a.m. 

Off  Uw  W,  ooart  oC  ftido. 

70 

CO 

50 

7;?(> 

780 

95 

11  19  iLin. 

!  lioiiriitarr  Iwtafoan  fihlifiuio 
(aud  HigOt 

«0 

f>0 

110 

380 

1,490 

1^ 

9C 

4  fig  p.in. 

Off  tke  «OMt  oC  Uttacbi. 

100 

70 

510 

1,550 

2,080 

98 

9  57  pjQ. 

8.  poit  flf  BTnpi. 

TO 

50 

110 

490 

730 

i,9ao 

9 

8  15  n.in. 

Off  Capo  liilino  (Hidaka). 

930 

120 

270 

850 

1.190 

*» 

9  08  ajn. 

OntridB  flia  BBamn  Bi7. 

90 

50 

10 

340 

980 

5 

3  41  njn. 

Tidiill7  at  BIwi. 

f 

130 

41X) 

2.470 

1.740 

4,700 

7 

11  99  njn. 

OolridB  Ow  RikiizaD  Baj. 

90 

50 

70 

230 

800 

Digiti^uu  Ly  Goo 


74 


F.  Qmori: 


(1) 

12) 

(3> 

Hotel  are* 
dMiulMnoe* 

eemdhle  motioD. 

Dnte. 

Time  oe 

flUUIU'lVtli-'tr. 

Oiigiu  of 
(1iitnHmne«. 

/Ah 

SliorUr 

\^/ 
Slrmtii 
mot  loo 

(7> 
motion 

f8) 
SUfU 

1905 

Feb.  7 

p.m. 

S£.  i»urt  at  Vlaa 

ri 
00 

ri 
25 

mi-  ri 

»!.  ri 
120 

Ml-  ri 
280 

H«i.  ri 
400 

2  47 

p.m. 

Off  Um  ooMt  of  Iwnld. 

190 

70 

ito 

090 

1,190 

11 

7  08 

n.m. 

Do. 

90 

60 

00 

700 

890 

U 

10  55 

p.m. 

Do. 

110 

00 

40 

990 

070 

17 

S  27 

n.m. 

<>iilKiiI<>  the  Uiknzi-n  IJny. 

120 

SO 

10 

1.080 

1J090 

■  * 

0  44 

p.m. 

Off  the  coiixt  of  Iwiiki. 

130 

HO 

190 

o«u 

1.100 

3.010 

21 

2  21 

p.m. 

^  (  lliM  I'.ritiio  |llnlik;i). 

280 

130 

500 

3.150 

3,050 

26 

8  45 

p.m. 

,.  the  E  iiiivit  ^futRU. 

200 

120 

— 

510 

1,390 

IjOOO 

37 

1  19 

a.m. 

Off  (Tiiishi  (ShimuNii). 

80 

40 

30 

200 

990 

28 

11  01 

p.m. 

Uay  «jf  WakiiKiv. 

ao 

(-.0 

230 

880 

1,110 

Hindi  4 

9  10 

p.Di. 

Itiiy  of  CfaibA  (Tokyo  Bay). 

110 

00 

400 

72«» 

1,190 

6 

A  OA 

Utn0i  CSunnel. 

70 

40 

210 

8U0 

1,010 

■t 

10  32 

ii.m. 

Off  tbe  oout  of  Rikoten. 

110 

70 

140 

301) 

500 

13 

0  4o 

p.m. 

„  Ilyngji. 

80 

GO 

— 

30 

410 

470 

16 

11  54 

p.m. 

Itnngo  Htniit. 

190 

do 

40 

640 

910 

1,»90 

.18 

440 

n.Tii. 

Uwy  of  Toyimiii  (Etcbu). 

lao 

100 

20 

8C0 

1,180 

SjOflO 

Api^  6 

11  10 

Off  the  SB.  caettot  Sonnbbi. 

190 

! 

200 

08;) 

890 

M 

10 

9  90 
10  04 

pun. 

p.m. 

V    nnvt  A#  Itf  MMfealll 
£l»  |]Em  UK  WWBWMWI* 

(Off  the  ramt  at  TMto 
I  (Formom). 

80 
100 

50 
80 

5)40 
G&O 

1.770 
1.500 

2,710 
2.1S0 

18 

8  Oil 

PwlO. 

Vidnitjr  oC  Tokobiunii. 

140 

W 

150 

4-20 

470 

VMO 

IB 

8  05 

Off  Oftpe  Shiriyft  (Unbni). 

ISO 

120 

190 

850 

1.000 

2XIJ0 

18 

0  21 

lUD. 

Sen  of  jUda 

en 

20 

50 

260 

aao 

U40 

94 

8  15 

S.  pnit  of  3IIiiN»h{. 

lao 

CO 

770 

790 

ijm 

Mat  9 

3  54 

a.m. 

Off  the  cQoat  oC  llitiudii. 

90O 

140 

170 

1.200 

1,370 

by 


IiM  Ot  Am  StHmger  Jajiinn  EiirthquikBS,  IMMI-tflOT, 


75 


(1) 

Time  u£ 
cecnmnoB. 

Origin  u£ 
tUtlnrtumflfe. 

ToM  Are* 

of 

cKshirbnnoe. 

Atm  nf 
leindble  matkm. 

I.«nutfr 

{<■■') 

molinn 

(7) 

Hint  log 

(8) 
aioUon 

t») 

r« 

ht\.  ri 

«1.  »i 

s<j.  ri 

Kij.  ri 

M»7  17 

a.m. 

180 

11  0 

190 

770 

l.OJO 

2.050 

346 

p.m. 

]50 

70 

70 

310 

i.4r>o 

1.830 

90 

431 

a-m. 

01) 

•20 

40 

90 

180 

81 

11  08 

iun< 

1-20 

CO 

130 

430 

560 

JntM  9 

9  4» 

pum. 

Oeotinl  iNiit  of  loknil  Sea. 

450 

aoo 

4.750 

3,950 

•2  200 

10,900 

7  6G 

p.in. 

0% 

230 

140 

180 

3^ 

4,960 

8^470 

3 

9  IS 

Da 

110 

(«i 



1)70 

3,990 

4S)60 

« 

0  34 

Dov 

IHO 

1)0 

280 

2,870 

3,200 

0.350 

•■ 

7  34 

pjn. 

Do. 

lOU 

50 

— 

1,010 

2,990 

4,030 

w 

T  38 

p.u. 

Da 

180 

70 

•200 

1,800 

2.500 

4,500 

•• 

10  43 

p>iii. 

Da 

rio 

ni 

— 

860 

2.490 

3.3S0 

4 

3€8 

lum. 

Da 

»» 

50 

— 

.VJO 

1.780 

8^10 

& 

844 

Tkiiiilj  of  0«|iiiBA  (fim). 

50 

10 

150 

20O 

360 

0 

0  44 

.  Do. 

911 

70 

— 

190 

42) 

610 

«■ 

1  13 

a.m. 

Do. 

no 

40 

380 

260 

640 

•  n 

1  51 

ajQ> 

Do. 

KX) 

70 

— 

430 

490 

830 

M 

3  03 

ikin. 

00. 

70 

60 

510 

210 

780 

•1 

a33 

n.T>i. 

Da 

00 

70 

3» 

330 

810 

ti 

3  17 

4um. 

3Wt. 

UO 

60 

380 

100 

480 

«t 

0  88 

A.m. 

Do. 

!X) 

m 

300 

•230 

530 

M 

11  47 

n.m. 

Do. 

<I0 

40 

IfiO 

170 

330 

99 

8  38 

lun. 

Csntnl  iwvt  of  IdImuI  Sen. 

HO 

10 

570 

1,330 

1^ 

7 

3  18 

lum* 

Vidiiitr  of  EtloMild  (llifaidii). 

40 

00 

70 

690 

730 

n 

340 

li.in. 

Vidnily  «f  O^hitna  (Ixn). 

•220 

lao 

510 

740 

8.880 

3.470 

»• 

10  03 

p.m. 

Du. 

110 

70 

l.-)0 

'280 

39> 

880 

10 

3  10 

p.m. 

D* 

llK) 

'270 

440 

710 
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F.  Onnl: 


(1) 

(0 

Totnl  area 
of 

(IMorbiiiioo. 

Am  of 
leadbk  nwUdn. 

Time  tit 
occittnnoB. 

Oi^li  of 
dMoilMiiioB. 

(4) 

LotiK«r 

(5) 

(«) 

(7) 

Mnlrmtf. 
iiiotl'in 

(«) 

tiioUun 

19) 

ions 

RPV9 

TX 

Ti 

H*|.  Ti 

8<|. 

JniM  11 

p.in. 

N.  pntt  flf  StdoMon. 

70 

40 

540 

990 

19 

5  17 

]Mn. 

Off  the  const  of  Ivnld. 

250 

130 

1.6-2U 

2.450 

4.820 

19 

a  49 

pjn. 

Off  EiDkninii  (BiknMn). 

80 

70 

810 

730 

1440 

18 

1  n 

n.iii. 

Off  the  omat  of  Iirald. 

HO 

!)0 



210 

1,620 

1^ 

90 

0  30 

^u. 

M  NsnnutOi 

aoo 

ICO 

110 

1.420 

1.530 

21 

6  45 

M.  Duvt  cC  MitiA 

90 

411 

nro 

1.220 

1J590 

S7 

1  IS 

lum. 

CeDtml  imit  of  lUkndiA. 

2au 

70 



l.SlKl 

1.130 

3,090 

July  1 

Vfetotty  of  Mnfaima  (Niello). 

90 

50 

— 

220 

(iOO 

820 

9  08 

n-Wi- 

Aynlw  (Tuntiiilu 

w 

511 

20 

600 

630 

l;250 

7 

123 

ll>19> 

Off  tba  eout  of  IwiOd. 

3C0 

200 

1.400 

4,380 

2,290 

8.UG0 

»» 

7  18 

lum. 

Pa 

3flO 

181) 

— 

440 

4.840 

5^20 

9* 

10  19 

Off  the  oQUt  of  TtikMiii 

210 

100 

140 

4,700 

4,840 

9 

7  13 

„  IvnkL 

230 

140 

30 

1.870 

2.930 

4,630 

13 

1  49 

pjD. 

E.  ojmI  of  MvtML 

270 

no 

_ 

490 

3,180 

3.600 

16 

«  40 

^  flOBflt  Of  Vgp^ 

120 

100 

400 

1,130 

1,530 

1» 

$  03 

pjD. 

Haj  of  Uokyu. 

m 

50 

• 

60 

soo 

020 

ai 

0  U 

P>in* 

Off  SnhamD  (BikaMii). 

110 

80 

510 

570 

1.060 

5  28 

pi.in. 

fTmvn  of  Yiisnzukii.  lligriKbi- 
(Knliiki  county  (Ei-btgu;. 

110 

100 

110 

770 

2,330 

3.210 

«■ 

Q  27 

P4IQ1 

XVk 

110 

60 

10 

100 

830 

940 

7  01 

Off  Kiofcaaui  (ItikniMj. 

150 

90 

170 

1,370 

1^ 

«j 

1  39 

S.  jjuA  of  fOduohmlK. 

90 

40 

140 

1.150 

1.290 

8  29 

SE.  iMUt  of  Hiilft. 

90 

40 

290 

810 

900 

la 

9  28 

lii.in. 

Bnj  of  Tokyo. 

00 

30 

70 

m 

470 

18 

6  08 

a.iit. 

Bay  of  Atmtmi  (IClnmi). 

90 

40 

270 

350 

620 

S2 

11  38 

p>n. 

Off  Om  E.  eoMt  of  Bflouen. 

no 

CO 

440 

700 

List  oX  Uia  StiODiaer  J»pMi  Emthqiuka^  1802-rJU7. 
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(2) 

Onte. 

Tinn 

of 

uccanrenae. 

1905 

Aug.  24 

p.m. 

fi  u 

p.m. 

20 

p.m. 

au 

9  27 

U  47 

a.m. 

2  52 

p.m. 

Z 

0  52 

A.m. 

3  4S 

j>.in. 

:i 

2  02 

11.111. 

<; 

5  11 

j^.m. 

8 

11  (Hi 

11. ni. 

0 

3  01 

p.m. 

1-2 

0  52 

p.m. 

21 

10  00 

p.m. 

■21 

2  08 

a.m. 

2U 

10  19 

ii.m. 

30 

11  31 

]>iin. 

Oct.  .3 

10  51 

n.m. 

6  18 

p.m. 

4 

8  15 

n.m. 

7 

;»  r>:t 

l.m. 

lu 

10  .'1 

a  in. 

13 

3  14 

p.m. 

li 

11  54 

tun. 

(9) 

Oriirfn  of 
(tistiirbance. 


Totnl 
oC 

di'ttntlntiM. 


Off  tlip  tijiist  rrf  Tfitn<'hi. 

Off  CWpe  Miinilo  (tan). 
Off  the  ^  conat  of  Sttdiiio. 
n     OmM-aBaU  (Taloini)^ 

Oft  the  K.  ajwt  of  Mntwi. 

„      <xjiu<t  irf  Tiilomi. 

Toni)-mnilii  iRikiurlm). 

<^>fr  till-  cuHh-t  o€  lUkUMO. 

I'ntfpi  chnnnel.  I 

Off  thf  E.  (Nxist  I  if  Ki'i.  ! 
( limitulitry  In  twwn  lloki  anil 

S.  jHirt  of  Kii. 

Ceiitml  imrt  of  InLtntl  iSiii. 

Vicinity  of  Chilwi  (ShimoHii). 

ntuiindary  1»et\v»vn  llitiichi 

I  mill  fShiiuosii. 

( Ituanilurv  befrwwti  Miuooiul 
lEdiiwn. 

Off  Hie  E.  eout  of  Mvlmi. 

Off  tilt!  uuHst  ul  Hititclu. 

I  litxnulHry  lwCw«6n  JBOn  nnl 

(KiiBii. 

Off  Cnim  Shiriyu  (MtJtutt). 
Off  tl«.  K.  cnrt-t  of  Alntsu. 
otr  (  ho-lu  (.shiniosii). 

i 

Off  Kiimui  (Shiiilwinhi).' 

Bay  of  CHIm  (Xakyu  liiy).  ! 


H 
1(X) 

iiu 

MO 

90 

AM 

m 

IM 
2tX) 
120 
70 
40 
80 
I7t» 
150 
70 
110 
120 

200 
110 
270 
120 
170 
120 


(5)  ;  <«) 

Shorter'  Strang 
A\U  tno!loo 


50 

40  40 
70  ICO 

50 

I 

200  I  240 
50 

70  — 
M>  — 
70  ! 

«i 

2S 
50 
UO 
110 
40 
80 
70 


100 
80 

110 

470 


1.50 
40 

180 
iK) 

140 

100 


I 


I 


120 


»5U 


."jO 


Am  of 

(7) 

Jlo  'ertti< 

XtllllU 

Sm» 

flq.  rl 

4M 

940 

1,480 

830 

500 

770 

880 

1,400 

2,440 

4UU 

670 

1^0 

60 

eao 

4S80 

a,72a 

2;>Hi 

(j,20'3 

200 

180 

440 

530 

8'20 

1,3:0 

440 

870 

1,290 

550 

1,240 

1.950 

•jyo 

no 

S80 

170 

330 

500 

493 

290 

3.180 

2.50D 

o^iso 

m 

M90 

3.4110 

480 

flOO 

uoo 

1330 

9090 

50 

woo 

1.050 

2,830 

2,080 

5,03J 

ICO 

7C0 

3,950 

2.70O 

7,t)00 

180 

TilO 

820 

OCO 

],!<*) 

1,760 

490 

030 

1.530 

"  rji 

1.450 

Digiti^uu  Ly  Gov) 
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F.  Omon : 


(2) 

(:»> 

Tutiil  nrcit 
of 

dishubancc. 

Areii  i>f 
sensible  motiun. 

Dote. 

Time  of 
occuneuw. 

Origin  »»f 
dujttirljittKv. 

(*) 
L«ag<r 
mil 

(^) 

Sbortst 
•Sil 

(6) 
strong 
■Mllno 

(7) 
Maikratf. 
metiaa 

{«) 
motion 

ri 

ri 

8q.  ri 

8<i.  ri 

«1.  ri 

1" 

ii.m. 

jmrt  <  I  1 1 11  111. 

SH) 

50 

aro 

1,210 

1,4  M 

1  42 

11. ni. 

('*'iitn»l  i«irt  of  Mioii. 

i» 

oO 

290 

14) 

73+) 

!)  10 

ii.in. 

K.  iKirt  of  Mn!sii»t)ii. 

l:io 

50 

470 

930 

1.400 

•21 

I)  ts 

ji.tn. 

fOflf  the  E.  omst  of  Aim 
1  |N>niiiHiilii. 

221) 

120 

2:0 

1.020 

1,270 

6  45 

p.in. 

Off  the  HE.  vonvt  of  Kuahiro. 

250 

100 

ao;) 

550 

85U 

Knv  1 

nvv.  i 

3  no 

p.in. 

140  1  f» 

360 

1,530 

l.HiHt 

^> 

11  21 

n.ni. 

leo 

120 

620 

1,260 

1,880 

<i 

7  rj 

p.m. 

«  U  >               .if       1l  Jill  tftl  « 

140 

120 

—  f  710 

1,150 

1.8G0 

i)  43 

n.in. 

i 'II  IIH'  1%,  t"fii?»i  oi  1  oriULiewi. 

IfiO 

? 

l.CfiO 

78J 

•J  ,4  111 

0  Ul 

n.nu 

U  1 1 10  ( ^  HlHi  1  >L  J k  1  KlICUU. 

200 

100 

460 

830 

1.290 

Dec.  2 

0  S3 

ii.m. 

AtMu  fteft  (liiga). 

w* 

150 

no 

1,180 

7iiO 

2J040 

3 

1  «t 

p.1B. 

CMf  Einlaann  (Rikiuien). 

130 

1.110 

2.2G0 

3A80 

a 

1  1R 

4  in 

Do. 

ir.o 

HO 

10 

270 

DOO 

1.180 

»« 

4  3ft 

A.in. 

OatBicle  tlie  Ibmi  ttiy. 

iro 

80 

mo 

8S0 

8 

0  08 

Centml  imrt  of  Inlaiul  tiea. 

aio 

160 

770 

4^130 

3.340 

8,240 

1  ar> 

p.m. 

390 

160 

3»0 

3.890 

81.620 

6  ss 

lUll. 

Off  tlie  oanat  of  Kngnfu. 

8a 

70 

lao 

1.590 

1.710 

11  97 

n.m. 

,.  niknclha. 

170 

700 

2.310 

2,300 

5.430 

* 

0  11 

ji.ni. 

Off  tbo  cunht  of  ItitaciU. ' 

230 

IGO 

920  ,  2.880 

2.220 

5,820 

27 

0  &1 

p.m. 

rKiiitn-tnitni.  NLtU-Chiknnin 
(wimly,  hliimiiiii. 

ino 

50 

20 

400 

1.140 

1.50(1 

7  53 

I'.ni. 

lk\y  td  diiba  (Tokvo  ]^i.v). 

40 

™ 

ano 

270 

1906 

Jan.  1 

n  IS 

n.m. 

Sen  of  Iw. 

50 

730 

710 1  J,44u 

1 

0 

<i  ih; 

a. til. 

Hay  i.f  Osiilcn. 

20 

121) 

410 

5(10 

0  01 

li.m. 

iKi. 

40 

30 

400 

5tX> 
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Total  lUJCll 
■  if 

.\rpn 

of 

1*1 

(3) 

istiibible  motion. 

JMIeu 

Time  oC 

Origin  of 
(liatorlmnce 

(1) 

Look  r 
Hta 

ax  la 

1"') 
mptloD 

(7) 

(«) 

motlnii 

mnUuo 

Am 

1906 

Ti 

Yi 

""1-  '  * 

Mj.  ri 

Jan.  a 

a. til. 

IHE  Umj  E.  cto,-.!  nt  Mucsn. 

110 

90 

1,390 

If 

0  4H 

l>.Tn. 

Itikiichu. 

70 

5U 

— 

31ii 

570 

■ 

p. Til. 

l^iy  of  OmiIoi. 

IK) 

(iO 

700 

810 

1,510 

8 

n  u) 

IMU. 

Via  the  (XMkKt  of  ^Mtg^kIni. 

180 

120 

20 

8J0 

840 

1,690 

9 

t>  so 

\».in. 

70 

40 

220 

mi 

910 

U  35 

p.m. 

Unv  of  Cliitm  JTnkrn  i1tix\ 

60 

40 

20 

12 

10  23 

n.ni. 

130 

'JO 

200 

900 

790 

1.890 

13 

7  54 

n.in. 
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L  IntroHuetUm*   It  often  happens  that  prccorsory  shakings, 

or  "  fore-shocks,"  of  different  iiitciisitios  arc  felt  at  the  opiccntral 
district  of  a  gieat  enrtliqnako.  As  the  latter  is  ^^cnerally  due  to 
tlio  forniatioii  or  culaigciuont  of  a  fault  or  ciiick  of  considerable 
length  along  a  seismic  zone  in  tlie  earth's  crust,  it  is  (luite  natural 
that  BcmiG  of  the  weakest  secondary  points  at  the  strained  region 
should  first  give  ivay  and  produce  the  minor  shocks,  bef<Mre  the 
dislocation  or  fracture  along  the  whole  extension  of  the  fbeas 
produces  the  final  great  disturbance.  In  many  instances,  the  foi-e- 
shocks  Aveic  quite  numerous,  some  of  them  attaining  the  intensity 
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of  a  semi-destructive  motion.  I  meution  next  the  more  typical 
cases  of  the  destructive  earthquakes  in  Japan,  which  were  preceded 
by  these  small  shocks. 

%  JE}af^qu€tke  of  Kofft  (S^rmoM)  of  1906»  The  destruc- 
tive earthquake  in  the  Kao;i  prefecture,  Formosa,  on  March  17, 
1906,  caused  by  the  foriuutioii  of  the  Baitihiko  and  Cbin&ckiryo 
Faults,  (the  Bulletin^  Vol.  I,  No.  2),  was  preceded  about  5 
minutes  before  by  two  strong  shocks  accompanied  by  very  load 
jinarit  or  sounds,  like  that  due  to  a  continuous  discharge  of 
gun.  As  these  disturbances  were  quite  unlike  ordinary  earth- 
quakes felt  there,  the  jx^opie  wei-o  alarmed  and  took  preciiution 
'  for  an  escape  in  case  of  emergen<sy,  many  running  out  of  doors. 
Thus  it  happened  that  a  comparatively  small  proportion  of  the 
inhabitants  remained  within  doors  at  the  time  of  the  final  great 
shock,  a  circumstance  wliich  must  have  considerably  reduced  the 
amount  of  casualties. 

The  occurrence  of  the  premonitary  shocks  and  jimn  was 
also  veiy  striking  in  the  cases  of  the  Ansei  and  Bika*U  earth- 
quakes (§  §  3  and  4). 

8.  AiiHcl  earthquake  in  Central  Japan,  Tlie  great  earth- 
quake of  the  1st  year  of  Ansei  (1854),  whicli  was  violently  felt 
in  the  provinces  of  Iga,  Ise,  Omi,  Yamato,  Yamashiro,  and  Settsu, 
took  place  on  July  9,  at  about  2  am.*  The  epifocus  was  a  zone 
about  100  km.  in  length,  which  stretched  from  the  vicinity  of 
Yokkaiclu  (in  Ise)  to  that  of  Nara  (in  Yumatu),  passing  by  llio 
north  of  the  town  of  Uyeuo  (in  Iga),  where  couaiderablo  couvul- 


■  TliiK  it)  ililTorent  fnrni  the  two  great  enrthqiukes  of  I>ec.  23  and  in  tlio  eatna  TMT, 
wliicb  originnted  off  the  Pacific  coast  uf  Jnjmn.    See  obo  jnj  note  "On  the  entUiqiiakB  9K8ies 

ill  cvutnil  Japan,"  the  JI'dht'ui,  Vul.  I,  Xa.  3. 


On  tl»  Ttm  eboda  ot  B1»#1ihto1mb. 


91 


siom  of  tlie  gi-oiind  were  pi*odnred.  At  tho  last  named  place,  a 
modenite  shook  iutenao  enough  to  drive  people  oat  of  doors  liad 
been  felt  already  two  days  before,  namely,  on  the  7th,  at  1  pm., 
sacceeded  by  a  stronger  and  nnasuany  severe  one  at  a  little 
Iwforo  2  pm.  Tlicse  two  shocks,  which  caused  some  cracks  of 
the  plastei-od  walls,  wore  followed  by  incessant  jinari,  or  earth 
sounds,  like  thnnders  heard  toward  the  north>west,  tho  number 
of  the  minor  shakings  which  occurred  before  the  evening  being 
27.  It  is  recorded  that  a  traveller  happening  to  arrive  at  TTye- 
no  the  same  day  was  friglitene<l  by  tlie  jinari,  so  he  went  on 
and  stayed  at  Kasagi,  thereby  escaping  the  risk  of  the  dis? 
astrous  earthquake.  During  the  night  of  the  7th,  the  people 
were  panic*stricken,  no  one  going  to  bed.  On  the  next  day  (the 
8tli),  the  weather  was  fine,  and  altliough  the  jinari  did  not  cease, 
there  was  no  six?eially  severe  shock,  and  the  people  began  to  1)6 
somewhat  imssured.  In  the  same  cv^iing,  however,  there  were 
a  few  small  shakings  at  about  8  pm.,  the  final  great  eartliquake 
having  taken  place  the  next  morning  at  2  am.  The  two  shocks 
at  1  and  2  ])m.  on  tho  7th  wert*  also  felt  in  Osaka. 

4.  Itiku-  V  earthquake  of  Aug,  31,  1896,  at  <ih  6m  pm* 
The  Eiku-U  earthquake  was  most  violent  in  the  two  counties  of 
Senpoku  and  Hiraga,  in  the  province  of  Ugo,  and  in  the  connty 
of  Nishi-Waga  in  the  province  of  Rikuchu,  producing  the  lines  of 
dislo<jations  known  as  the  Senya  and  Kawafune  Faults.  In  tho 
t'pi(»entral  flistrict,  there  l»ad  occurred  a  shock  of  moderate  intensity 
already  6  days  before,  namely,  on  Aug.  23rd,  at  4  pm.,  followed 
daily  by  one  or  move  small  shakings.  On  the  31st,  at  9  auL, 
there  was  a  stiong  shock,  causing  some  damage  to  the  dwelling 
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houses  and  throwing  off  the  plastered  walls  of  some  old  dos» 
(Japanese  ware  houses).  Thereafter  occurred  nearly  30  shocks 
and/«ttm;  amongst  others  the  shock  at  4h  42m  pm.  being  the 
sti*ungest.   34  minutes  later  on,  at  5h  6m  pm.,  the  final  groat 

eaitliqiiakc  took  plueo. 

The  ejjicoiihal  district  liad,  before  Auuust.  1800,  been  oiily 
rarely  disturbed  by  cartliquakos,  and  tlieso  latter  had  not  been 
accompanied  by  jinarU  But  since  the  23rd  of  August,  the  earth- 
quakes were  invariably  accompanied  by  jinari^  indicating  their 
nature  as  fore-shocks  and  the  proximity  of  their  origins. 

6.  Tonan  earthquake  of  Jfbv,  S,  19W,  at  dim  p»i,* 
This  earthquake  originate  off  the  coast  of  Izn,  and  vms  strongly 
felt  in  Kozii-sbiin;i.  Mikuiu-jiiiia,  and  Miyake-jinui.  At  tlio  last- 
named  island,  the  first  fore-slioek,  wliieh  was  moderate  in  inton- 
fc^ity,  occurred  at  8  am.,  on  the  4tlj,  followed  by  many  moderate 
and  Blight  shakings.  At  Mikura'jima,  there  was  a  moderate 
shock  at  6  am.,  on  the  5th,  followed  every  five  or  ten  minutes 
by  others,  the  two  strongest  among  which  took  place  at 
2  and  3  pm«  respectively.  In  Kozu-shima,  there  was  at  8h 
lOra  am.,  on  the  6th,  a  sli<,dit  shock,  followed  by  about  a  dozen 
moderale  and  slight  ones,  the  final  and  lar<,'est  taitliqiiuke 
liavin>i  occurred  at  4h  41m  pm.  the  same  (hiy.  According 
to  the  instrumental  observations  in  Tokyo,  tliere  were  7  shocks, 
which  preceded  the  final  earthquake,  and  the  first  of  which 
occurred  at  9h  16m  am.,  on  the  Sth,  the  stix>ngost  among  these 
being  tliat  at  2h  10m  pm. 

6.  MinO'Owari  earthquake.  The  groat  H^no-Owoii  earth* 
quake  of  Oct.  28,  1891,  at  6h  37m  am.,  was  preceded  by 
a  strong  shock,  which  took  place  58  hours  etirlier,  namely,  at 

*  "Tonnn"  idamk  nze  th6  idaiiib  cff  (be  cciitt  of  Tza  1)«loDgixig  totlw  Fuji  votc&xdc  chAin, 
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9h  14iu  inn.,  on  tlio  25th  of  the  satno  niontli.  In  the  cpicontral 
urea,  jlnari  wcvc  licard  from  time  to  time  before  the  <^reafc 
carthqaake. 

7»  Mokkaido  earthquake  of  March  23,  lS1k4*  The 
earthquake  of  llarch  22,  1894,  which  caused  damago  in  the  two 
provinces  of  Nemaro  and  Kushiro,  along  the  north-eastern  coast 

of  Hokkaido,  occurred  at  7li  20m  pm.,  the  origin  being  sub- 
oceanic  and  at  about  140  km.  to  the  aouth-uast  of  the  city  of 
Xemiiro.  This  earthquake  was  preceded  by  the  four  shocks, 
whose  tinu!s  of  occurrence  and  the  intensity  of  motion  at  Nemuro 
were  as  follows: — 

(i)  3"    49'"    14'  am.  Slight. 

(ii)  2    22    55  pm.  Moderate. 
(iU)    3    38     25  pm.  Slight 
(iv)     2    37     10  pm.  „ 

Thus  the  first  fore-shock  and  the  2nd,  which  was  the  strongest 
among  the  four,  had  occurred  respectively  15h  30m  and  4h  57ra 
before  tlie  final  great  earthquake. 

The  abov(^  Tnontioned  four  fore-shocks  were  observed  witli  the 
ordinaiy  Gmy-Miine-Ewing  type  seismographs.  Had  the  observa- 
tion been  made  with  the  modem  sensitive  tromometer  adapted 
to  a  continuous  recorder,  probably  there  would  have  been  re- 
gistered many  other  small  insensible  shakings. 

8.  Jie marks  on  the  fore-shocks  of  the  different  earth- 
qadkcs*  Tlie  time  distribations  of  tlic  Hiku-U  and  Tonan  foi<'- 
shocks,  wliich  oceurixxl  ou  the  same  diiys  as  the  principal 
earthquakes  themselves,  present  some  mutual  resemblance,  as 
will  be  seen  from  the  following  table. 
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^rOBX^HOCKB  OP  THB  KOCa-V  AMD  TONAH  BARXBQVAKBa 


Bika-U  Earthqtiaka. 


Time  at 
Occonetioe. 


SaooMBTe 
Intetvid. 


10  i; 


.•liu 


3  07  pm, 

3  18  pm. 

4  42  pm, 


5  06  pm. 


Tooau  Earthquake. 


Time  oC 
O0C11XIPDO6. 


Sncc«MiTe 
Interval. 


9"  16"»m. 
2  11  pm. 

2  48  pm. 

3  64  pm. 

3  07  pm. 

4  15  pm. 
4  42  pm. 


....  4"  65° 
...0  37 
....  0  OG 
....0  13 
. , . « 1  S 


.6'  88" 

1  21 
0  27 


Thtis  the  sucGessive  intervals  between  the  times  of  oconrrence  of 
the  fore^shodcs  vrere  on  the  whole  identical  for  the  Riku-U  and 
the  Tonan  earthquakes;  the  last  strong  fore-shodcs  having  also 
occurred  in  the  two  cases  by  a  nearly  equal  time  interval,  namely, 

24  and  27  ininutt's  res|)ectively  before  the  tiuul  disturbances. 

The  intcr\'al  between  the  tiraes  of  occurrence  of  tlie  first 
strong  fore-shock  and  the  final  great  earthquake  was,  for 
the  different  cases,  as  follows: — 


iUku-U  ,  

G 

1 

1 

9 

2 

10 

0 

16i 
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Again,  the  inten'al  between  the  time  of  occurrence  of  the 
principal  disturbance  and  the  coniuiencement  of  the  last  t'poch  of 
increased  activity  or  fiequency  of  the  fore-shocks,  was  as 
f oUowB : — 

AnBet      £qke.    fl^  0" 

Riku-U    8  P>4 

Tonui    7  26 

Hokkaido    4  67 

The  occurrence  of  fore-shocks  is  of  course  not  limited  to 
tho  few  cases  of  the  great  earthquakes  considered  in  §  §  2  to  7. 
The  same  phenomena  are  shown  by  the  large  as  well  as  the 
semi'deatmctive  or  strong  earthquakes  originating  off  the  north- 
eastern coasts  of  Japan,  along  the  Fnji  volcanic  chain,  or  off  the 
eastern  coast  of  Formosa.   A  few  illttstrative  cases  arc  given  next. 

9.  Hokkaido  earthquake  of  June  4,  1893.  The  earth- 
quuke  of  June  4,  1893,  at  2h  27m  am.,  shook  tlie  soiitlievii  isiaiuit* 
of  the  Kuriies.  Tims,  in  Shikitan  island,  the  siioek  was  felt 
sti'ongly,  being  followed  by  the  tsunami  along  the  coast,  which 
reached  a  height  of  ahont  8  feet  over  the  ordinary  sea  level 
Again,  in  the  Shibetod  county  (northern  part  of  the  Etmp  isUuad)^ 
the  Utmomi  came  on  about  20  minntes  after  the  shock,  and 
caused  an  increase  of  water  of  5  feet,  forcing  the  river  waters  to 
flow  upwards.  The  fsnnami  continued  till  9  am.,  and  the  huge 
waves  were  repoatod  live  times,  rocks  having  been  tlii-own  down 
at  many  places  along  tlie  coast.  Trior  to  this  earthquake,  them 
had  occurred  between  the  Ist  and  3rd  (June),  five  moderate  and 
slight  earthquakes,  which  shook  the  Kuriies  or  the  eastem  part 
of  Hokkaido ;  there  being  one  or  more  shocks  each  day  between 
the  4th  and  tho  ISth,  except  the  10th  and  the  12th. 
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10.  Karenko  (JPomuMa)  earthqut^e  of  WOS»*  The  eaiih- 
quake  of  Aug.  28,  1005,  at  Ih  34m  pm.,  which  was  a  local  earth- 
quake and  which  was  semi-dostmctivo  at  Ivarenko  (Formosa),  was 
preceiltHl  by  several  fore-shocks.  Tlui^,  at  tlic  lutti  r  town,  there 
was  a  shock  tlie  fore-iu^on  of  Aug.  .s,  several  on  the  13th, 
one  each  on  the  18th,  19th,  -JOth,  and  'J  1st.  A  moderately  strong 
shock  occari'ed  on  the  26th,  at  4h  50m  pm.,  followed  by  a  few 
slight  ones,  the  final  strong  earthquake  having  taken  place  on 
the  28th,  The  after-shocks  were  also  numeroas,  there  being  30 
or  30  of  these  on  the  same  day  and  on  the  39th. 

11.  Oshima  (Jxu)  earthquakes  of  June  (i  and  7.  1905. 
These  two  eai'thquakes,  whicih  caused  s(mie  damage  iu  i\\v  i.^land 
of  Osliima  (Izu),  were  preceded  by  numerous  small  shocks. 
.iVccording  to  the  report  of  the  (}(n-ernor  of  the  island,  there  wore 
more  than  30  sliakings  between  1  am.  and  lOh  15m  am.,  on  the 
5tli,  and  a  strong  earthquake  took  place  at  Oh  35m  am.,  on  the 
0th,  causing  sev^al  landslips  in  the  island.  The  subseqnent 
shocks  were  very  frequent,  more  than  100  having  liai)iK'nod  Ibo- 
fore  11  am.  the  same  day.  On  the  7th,  at  2h  39m  pm.,  there 
took  place  the  principal  t  in  t  ii([iiake,  which  were  foIl<>\v(d  by 
mjre  than  ")()  after-shocks  iu  the  euuise  of  tin  next  12  hours. 

Arci>r<ling  to  the  tromomctei-  observation  in  Tokyo,  the 
iirst  shock  occurred  on  the  5th,  at  lOh  23m  26s  am.,  between 
which  time  and  the  midnight  of  the  7th  there  wa'e  28 
others.  Of  these  the  22nd  one,  which  gave  the  greatest  diagram, 
took  place  on  the  7th  at  2h  39m  30s  pm.  The  following  table 
gives  a  list  of  the  carlhcpiakes  observed  on  the  5th  to  7th  in 
Tokyo. 

*  $k»o  my  note  oa  the  Boknseltilcalm  and  BMwki«bo  enrthquiike  oC  Jan.  11.  190R.  gpTeti 
diewben  in  Uiih  Nnmber. 
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kBlB  ZZ.— < 

BQVAXEB  OBM 

BRVX 

tD  ZH  TOKYO. 

Gionp. 

luteusity  in  Tolgro. 

(«.... UnlleH) 

Time  of  OccuiTeuce 
in  Tolnro. 

Jfenn  liiuc  of 
Occurrence  ia 

«  1 

* 

2 

*(fil|!ramir  ia  Odnnu) 

6f;h  0  40  34 

ti 

3 

« 

0  43  37 

>» 

4 

0  69  10 

6 

• 

1  13  43 

*• 

6 

^(Jrodenif*  lit  Y«ltdMjiM) 

1  19  81 

7 
8 

A 

1  38  56 
1  50  50 

*• 
•» 

2  OS  44  um. 

9 

"(Aroderafo  At  Tohahmiiit) 

a  05  09 

M 

10 

2  S3  53 

M 

11 

* 

2  50  45 

f> 

12 

• 

4  42  27 

»» 

( Jfoi«raf«  At  loholiuii*) 

5  17  13 

»» 

14 

• 

U  19  o7 

>> 

15 

• 

9  23  08 

»» 

ir, 

B 

• 

10  23  30 

»» 

10  53  14  am. 

17 

* 

• 

0  30  14 

ptu. 

18 

» 

0  49  22 

II 

19 
2U 

C 

• 
• 

5  2S  22 
9  28  55 

>• 
If 

7  28  39  pm. 

21 


22 


23 
24 


25 


26 
27 
28 


7tii   6  12  05  am.  I  6  12  09  am. 


£ 


After- 
sbocks. 


f  struma  In  OnhliMA 
nulwr    JtroNir  H 


2  29  30  pm.     2  89  30  pm. 


10  Ofl  51 

11  09  18 


»»  ' 

I 

"  t 
»•  I 

"  I 

w  i 
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Fix>m  the  above  table  it  will  be  seen  that  the  12  shocks,  Noe.  2  to 

13,  occurred  one  closely  after  tlie  other.  Similarh*  the  5  shocks, 
Xos.  14  to  18,  occun*ed  together,  being,  however,  seijaiattHl  from 
the  preceding  ones  by  a  long  inten'al.  Thus  the  21  shocks, 
Kofl.  2  to  22,  tlie  last  of  which  "was  the  princiiwl  earthquake, 
may  be  divided  more  or  less  definitely  into  the  &ve  groups, 
A,  B,  C,  I>,  and  E,  whose  mean  times  ot  oocurrence  are  found 
to  be  as  follows : — 

A  (  12  shocks  )  6tli:  2"    8™  44' mn.,  Tim*  Intarrnl. 

[  8"  45" 

B  (  5  )   10  53  U 


.  8  85 
.10  43 
.  8  27 


C  (  2      „     )   7  28  39  pm. 

D  (  1       „      )  7th:  <;    12    U5  am. 

E  (  1      „     )   2  39  30  pm. 

The  successive  intervals  between  the  mean  times  of  occurrence, 
which  may  be  regarded  as  indicating  the  most  active  epoch  of 
the  different  groups,  were  approximately  equal  to  one  another, 
\aryiiJg  fiuiu  HIi  27m  to  lOh  43m.  Ftirther,  the  numbers  of  the 
shocks  in  the  first  four  groujjs  Aveie  respectively  12,  5,  2,  and  1. 
That  is  to  say,  the  fore-shocks  of  the  earthquake.  No.  22, 
occurred  periodically  in  groups  at  a  mean  inteival  of  about  8^ 
to  10|  hours,  the  activity  or  frequency  being  successively  lessened, 
till  the  principal  disturbance  finally  took  place.  This  time  rela- 
tion of  the  fore-shocks  is  somewhat  similar  to  that  in  the  case 
of  the  Ansel  earthquake  of  July  9,  1854, 

The  shocks,  Kos.  23  to  28,  were  the  after-shockg.  It  seems 
that  on  tlie  occasion  under  consideration  the  fore-shocks  woro 
more  numerous  than  the  after-shocks. 

12.  HacMJO'^ima  earthquafceB  of  May  13,  1908.  The 
two  principal  earthquakes  on  May  13,  1908,  at  5h  23m  and  5h 
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37m  am.,  origiuated  under  the  ocean  nearlj  midwy  between  the 
Cape  Omac-zaki  of  Totomi  and  the  island  of  ITaehijo-jiina,  at  u 
(listanoo  of  about  100  km.  to  the  north-west  of  the  latter.* 
There  were  5  fore-shocks,  which  were  registered  at  the  mote- 
orological  observatory  of  Hachijo-jinia  on  tlio  Omori  horizontal 
pendulmn  tromometer  of  150  times  in  the  £W  direction,  the  re- 
snlts  of  the  observation  being  shown  in  Table  IIL  (See  the 
diagram  reprodnoed  in  PL  XXIII.) 


m.— EARTHQUAKE  0BSERVATX02T  AT  HACHIJO-JIMA 

(Kos.  1-5  aze  fore-Bhocks). 


Timo  of 
I  occurrence  at. 
No.  I    Hachijo   I  Lilensitj. 
jimft.  ! 
(May  13) 


Dnnfttion  of 


I 


1 
2 

3 
4 


r>  ! 


7 


4*'44n3-aiii.'  Inaenaible. 
5  06  50  j 

5  15  33  I 
5  19  30  I 

5  21  43  : 


5  37  66 


Stioog. 


Total 
i  Eqke. 

J  

I  1"16« 
2  26 

0  35 
0  30 
0  30 

I  f  Longer 
\\lhMx  lO"" 


FnUni-  ! 

any  t 
Tsmat.  I 

16.0*~  . 
16.3  - 


10.8 
16.2 


DilTtunre 
Mftx  9a       between  tb*- 
'     •    imccoeBive  times 
of 


o.oia"*"" 

0.16 
0.017 
0.024 
0.027 


22™ 
8 
3 
2 
1 


37' 

43 

57 

13 

2G 


I 


Do. 


Laige. 
Do. 


The  time  difference  between  the  Ist  and  2nd  shocks  was  22m 
37s,  while  that  between  the  2nd  and  3rd  shocks  was  shorter 

and  8iu  -tos.  Thv  yuoceeding  three  iiitrivals  ;igain  decreased  and 
were  res^>ectively  ;>m  57s,  2m  IBs.  and  Im  2fis.  Thus  in  the 
present  case,  the  fore-shocks,  the  first  of  wiiich  had  occurred 
39ra  before  the  principal  eaiilKjuake,  qnickly  increased  in  fre- 


*  TheM  tmo  ^ttthgtiiilw  aio  dtociiwed  moM  in  detnU  elsewfaefe  in  Unit  Hmaber. 
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qnency  till  the  latter  vras  finally  produced,  indicating  a  rapid 
prof,ao3s  of  disturbance  at  the  focns. 

13.  Distinction  hetween  local  and  Inrge  earthquahes, 
A  loonl  slidck,  Avliic'li  may  be  i-cgardcd  as  oriG^inating  iVoni  a 
centre  ur  point  and  i.s  sonietimos  dostructivc  at  the  epiceutre,  is 
chamcterized  by  the  smallness  o£  its  total  energy.  Such  a  <h'.s- 
turbance  seems  generally  to  be  unaocompanied  by  the  fore-shocks. 
On  the  other  hand,  large  earthquakes,  >Those  focus  has  a  con* 
sidcrable  extension  and  may  be  regarded  as  being  equivalent  to 
a  collection  of  a  great  number  of  local  centres  of  disturbance 
arranged  along  a  zone,  seem  to  jtreoeded  on  many  oecasions 
by  minor  shocks.  The  fore-sh< cks  of  a  great  earthquake  may 
first  occur  several  days  or  several  hours  before  the  latter,  :nid 
their  timo  distribution  may  ho  sometimes  raore  or  less  periodical. 

The  phenomena  of  fore-shocks  furnish  a  veiy  interesting 
subject  of  study,  and  give  a  practical  importance  to  the  tromo- 
mctrical  observation  in  earthquake  countries.  My  belief  is  that  a 
largo  destractive  earthquake  will  be  foretold  in  its  cpiceniral 
region  by  some  fore-shocks. 

Tokyo.       May,  1008. 
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}  U.  CondtwiiNi. 

1.  XntrodncHon,   Earthquakes  are  caused  by  somo  gaddcn 

imdcrgi'OTind  distiirbaiUM's,  wliich  may  consist  in  the  idiniatioii  or 
extension  of  a  fault,  tlie  laoduction  of  a  l!s>ino  or  «„-uvit\',  tlie 
subsidence  or  upheaval  of  a  piece  of  ground,  etc.  These  distur* 
bances  themselves  arc,  however,  the  re^iults  of  the  stresses  going 
on  in  the  caiih's  crust  for  a  considerable  inteml  of  time ;  a  great 
shock  at  a  given  portion  of  a  seismic  region  occurring  in  general 
only  once  in  several  years  or  even  several  centuries.  When, 
therefore,  an  earthquake  is  about  to  liappen,  the  earth's  crnst  in 
the  vicinity  of  its  focus  is  iii  a  ciiiical  condition  and  nm>t  be 
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very  sonsitive  to  the  cfTects  of  cliani^cs  in  the  atmospheiic  pres- 
sures the  amount  of  piecipifation  of  laiu  and  snow,  the  variation 
in  tlie  weight  of  the  soa  water  in  tlie  tidal  movement,  etc.  These 
external  agencies,  wliicb.  cx)ustituto  tlie  secmdarf/  cavthquahe  causes 
have  evidently  an  important  bearing  on  the  seismic  phenomena, 
and  the  present  paper  contains  some  notes  on  the  relations  of 
these  to  the  time  distribution  of  the  shocks  in  Japan.* 

%  JSjcamptea  of  local  eharaeterUHet.  The  foUowing  aro 
some  examples  of  the  cases,  in  which  strong  or  great  earthquakes 
in  a  given  region  occurred  in  approximately  the  same  parts  of 
the  year  or  of  the  day. 

(a)  The  (l(!structive  eartliqnako  of  Kamamoto  (Kyushu)  took 
place  on  Jnly  28,  1889.  Its  numerons  after-shocks'  gradually 
decreased  in  frequency  till  1894,  when  a  strong  earthquake  oc- 
cnrred  on  Aug.  8.  A  third  strong  shodc  took  place  on  Aug.  27, 
1905,  followed  by  a  fourth  on  March  10.  1007.  The  times  of 
oc(.*iu'reuce  of  tliese  4  earthquakes,  (lie  tliree  last  of  which  were 
not  destructive,  are  given  iu  the  following  table. 


TJJB£B  I.~UaT  OF  THE  tOlWBB  KDMAMOTO  BASTHQVAXBa 


Na 

Date. 

Time  of  Oocimenoe. 

1 

July    28,  1889. 

IV  40"  pm. 

3 

Aug.     8,  1894. 

11  11> 

3 

Ang.    27,  190t2. 

10  42  „ 

4 

^larch  10,  1907. 

10  0:5  „ 

I 


{h)  The  severe  earthquake  of  May  26,  1898.  at  S'O^O'  am., 


•  llm  tinivH  itre  uhvHyti  given  iu  Uic  Ist  Nomuil  Jinmu  Tinic,  or  IkU.  y£  lougitodM  1^'  E., 
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which  caused  somo  slight  damage,  originated  iu  the  District  o£ 
XJonama,  near  the  town  of  Moikamachi,  in  the  provinoe  ot  Echigo. 
Six  years  later,  namely,  in  1904,  a  second  severe  earthquake  took 
place  on  May  S,  at  4h  2Sm  49s  am.,  the  origin  being  dose  to  that 
of  the  preceding  shock. 

(c)  The  great  sea-waves  of  1896  alon^'  the  north-eastern 
eonBt  of  the  Main  Islaiid,  known  as  the  Sanrikir'  fminami,  were 
caused  by  an  earthquake,  Avliich  took  I'lace  on  .hme  15,  at  7^ 
pm.  Five  years  later,  namely,  in  1901,  there  was  also  some 
tidal  disturbances  accompanying  an  earthquake  which  occurred 
on  June  15,  at  6}  pm. 

(d)  The  great  Shonai  earthquake  of  1894,  which  caused 
enormous  damage  to  life  and  property  in  the  city  of  Sakata  and 
the  vicinity  (provinces  of  Uswn  and  Ugo),  took  place  on  Oct.  22, 
at  5h  35m  pni.  The  great  liiku-U  earthquake  of  1896  took  place 
on  Aug.  31,  at  5h  Urn  pm. 

Thus  it  will  be  seen  that  the  first  three  Kumamoto  earth- 
quakes, (a),  were  in  July  or  August,  while  all  the  four  occurred 
late  in  the  evening,  namdy,  between  lOh  03m  pm.  and  llh  40m 
pm.  The  two  Echigo  earthquakes,  {b),  took  place  in  the  month 
of  May,  at  3h  Cm  to  4h  S3m  am.  The  two  Sanrikn  earthquakes, 
(c),  occurred  on  June  15,  at  (JJ  to  7§  pm.  Finally,  the  two  great 
destructive  earthquakes  of  Northern  Japan,  (rf),  occurred  at  5h 
6m  to  ."ih  35m  pm. 

Fi'om  those  examples  it  may  be  inferred  that  great  and  strong 
earthquakes  in  a  given  district  often  have  a  tendency  to  occur 
in  certain  months  of  the  year,  or  at  certain  hours  of  the  day. 
This  is  to  bo  regarded  as  indicating  the  local  peculiarities,  probably 


tlw  nortli-<;»i.stenj  imrt  wt  tiie  Miiiu  blaniL 


104 


F.  Outod: 


(lepeuding  on  the  tidn  l  iiio\ cineiil  of  the  sea  wak'i-  and  tlic  auuual 
an<l  tlim  iuil  vaiiatiou.s  oi'  tiic  barometric  pressure.  As  an  example 
relating  to  great  earthquakes  occurriii^j;  along  an  extensive  seismic 
zone,  I  mention  tlie  four  recent  destructivo  sliocks  of  San 
Francisco,  Mexioo»  and  Central  America,  iivhoso  dates  were  as 
follows : — 


TABLE  IX.— EAKTHQUAKES  ALONG  THE  SOTTTB-WESTEXm 

COAST  OF  NORTH  AMERICA. 


l>ate. 

Eartlujoake. 



April    10.  1902. 

(lUateninlii. 

„      18,  190G. 

Karthqnake  of  Sau  Fraocisoo. 

„      15,  1907. 

Mexico. 

March  26,  1908. 

n 

Thus  the  first  ihiw  .shockfi  oeeiirred  all  in  the  niontii  of  April, 
hetwei  n  15th  and  19th,  wliilc  the  4th  occurred  in  the  latter  part 
of  Jhlarcli. 

8.  Birang  earthqtuUceB  in  Shimmta  ana  Mitaehi*  The 
following  table  is  a  list  of  the  earthquakes  felt  strongly  at  Mizu- 
kaido,  Sahara  and  other  places  along  the  lower  course  of  Uie 

Tone-fjau-a,  which  forms  tlie  boundary  between  the  two  provinces 

of  Sliimosa  and  lliiuclii.  Tin*  land  areas  oi"  disturbaiK-e.  within 
wiiieh  the  motion  was  .sensible  or  \vas  recorded  by  the  erdiuary 
flray-Milnc-Ewing  ty^XJ  seismogmphs,  were  in  each  case  over 
1,000  sq.  ri. 
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TABLB  uL-mtatta  basxbqvakbb  nr  shiicoba  akid  bitachi. 


No. 

Bate. 

ISme  trf  Eaxtbqnake  Ckxjurrenoe. 

1 

*  » 

1  ()()•_>. 

9''  13''  niu. 

2 

»» 

2.-.. 

»» 

2  35  piu. 

3 

Aag. 

8. 

>> 

8   37  am. 

4 

Dec. 

u. 

»» 

1   57  pm. 

5 

»» 

>» 

2  38  pin. 

r> 

May 

8. 

1904. 

7   24  am. 

7 

Juno 

30, 

»» 

8   21  anu 

It  will  be  obsei-ved  that  f<mr  of  the  seven  earthquakes  givea  iu 

the  above  table,  namely,  Nos.  1,  3,  C,  and  7,  occurred  at  7  to  9 
am.,  while  tlie  remuiniii*^  three,  Nos.  2,  4,  and  ."),  occurre^l  at  1 
to  2  pm.  These  two  groupH  of  the  time.s  of  occnrrencc  iiiay  be 
regarded  as  apprnximat(?ly  agreeiiij^  witli  a  jmir  of  epochs  of  tho 
maximmn  and  minimum  in  the  diurnal  variation  of  the  barometric 
pressure. 

4k  Oenerai  r^€tHons  of  the  teeanOary  eauMcB  on,  etnth- 
quako  ffequeney^  The  seoondaiy  causes  of  earthquakes  as 
enumerated  in  §  1  make  themselves  sensible  by  the  variation  of 

tlie  vertical  pressure  exerted  on  the  earth's  cmst.  Let  us  examine 
a  lew  simi'lc  ruses  of  the  relations  of  tlie  secondary  causes  to 
eaiihquake  frecjuency. 

{a)  8nj)i)ose  ah  to  be  a  horizontal  layer  of  the  earth's  orust» 
^'hich  is  undergoing  a  tension  parallel  to  its  plane.  Then  an 
increase  or  decrease  in  the  pressure,  applied  vertically  to  it» 
will  equallj  accelerate  the  formation  of  a  vertical  rupture  or 
crack.   (Figs.  1  and  2.)   In  the  case  the  layer  ah  is  undergoing 
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a  oompression  in  its  plane,  a  variation  in  the  eactemal  pressure 

may  tend  to  produce  a  (li.slocation  or  slipping. 

(b)  "Wlioii  tlic  layer  (ib  is  bein<^  piislied  upwards  from  bolow, 
a  decrease  in  the  barometric  pressure,  the  weight  of  the  sea 
waters,  etc.,  will  favour  the  occurrence  of  the  rupture. 

(c)  When  the  layer  ab  is  being  pushed  down,  the  incroase 
iu  the  pressure  due  to  the  secondary  causes  will  tend  to  the  same 
result. 


Fig.  1. 
PnHiaM 


Fig.  2. 


(Up) 


bar 


(Down) 


(Down) 


Ftrairare 


I  give  next  a  few  cases  illustrating  some  of  these  (sinoiples. 

6k  Jinari^  at  Jrima,  1899-'1900.  The  earth  sounds,  or 
jinari,  at  the  fsmous  hot  spring  place  of  Arima,  near  Kobe  (pro- 
vince of  Settsu),  began  on  July  5,  1899,  and  were  very  nnmerous 

during  tJu'  several  succcding  \ve(>ks.  The  maxinuiia  daily  munber, 
probably  about  200,  was  reached  at  the  Ijeginning  of  August,  tlience 
the  frequency  gradually  decreasing.  After  the  8th  of  August,  the 
times  of  occurrence  of  tliese  Jifuwi  were  carefully  recorded  at  the 
city  office  of  Arima;  the  total  number  during  the  rest  of  the 
month  being  584.   In  the  four  months  of  September  to  December 


•  The  jBpBni'Hc  v,ot<\  "  jinuri,"  which  sif^niQes  r-jii't  srmtvl,  ni-iy  Itc  iwod  fu  cltMinf(>  mHh- 
qonke  flonnds  as  \vc:ll  iik  thu^w  soumlK  hiuinl  in  voleunic  aud  other  distrids  vhicb  are  (iccom- 
pankd  only  hf  Tery  alight  tnmblingi  oC  tbie  ffmnd. 


Diurnal  Variations. 


PSg.  8.  Fnqnaiioj  of  tibe  Jimm  ai  Aiima, 

Fig.  4.  Barotnetrio  Freesoxe  at  Kobe. 


"K  7 


I 


ft,      *  . 
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thoro  wrcro  altogetlier  (550  of  the  jinari,  wliich  did  nofc  completely 
cease  in  the  course  of  the  next  year. 

The  origin  of  distorbance  was  situated  at  a  distance  of  about 
2  km  to  the  south  of  Arima  among  the  Holcko  Mountain,  whose 
formation  is  of  granite  and  diorite.  Judging  from  the  freqiieney 
distribution  of  the  Jinari  in  the  vicinity,  the  focal  depth  was  very 
small,  and  pi*obably  between  ^  and  2  km.  The  sounds,  wliich  were 
sometimes  very  lotid,  were  mostly  like  that  caused  by  the  discharge 
of  gun  at  a  distance,  or  faUing  of  a  lieavy  mass  on  the  groimd. 
The  tremblings  of  the  ground*  which  followed  the  sounds  after 
an  interval  of  0.5  to  1.0  second,  were  generally  slight  On  a 
few  occasions,  however,  the  earthquake  movement  was  qnite  sharp, 
and  caused  the  falling  down  of  some  roof  tiles,  rolling  down  of 
rock  fragments  from  mountain  slopes,  etc. 

Table  IV  gives  the  liourly  distribution  of  the  1,231  jinari 
rticorded  at  Arima  between  Antr.  8  anfl  Dec.  31,  1800,  and  the 
mean  hoiuiy  baromt  tric  height  during  tlie  same  interval  fur  tlie 
meteorological  observatory  of  Kobe,  which  was  not  much  distant 
from  the  origin  of  disturbance. 


TABLE  IV  -  DIURNAJL  V^ARIATlONS  OF  THE  rREQUENCY  OP 
THE  JI.SAi:/  AT  AiUMA  AND  1  HE  BAROMETRIC  PRESSURE  AT  KOBS. 


Jinari  at  Arima. 

Atmosplierio  IhnaBiue  at  Kobe. 

Hoar  IniervaL 

dumber  oijinari. 

Hour. 

Baiometric  Heiglit.* 

0—  1  A:^r. 

700+5758 

1—  2 

■i3 

2 

57.72 

2—  3 

51 

3 

57.66 

3—  4 

50 

4 

57.61 

4—  5 

■m 

5 

57.68 

1U8 
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Jhtari  at  Axivu^ 

Atmospheric  Preesoxe  at  Kobe. 

Hour  TxAerttkl. 

'  Number  of  jiiViari. 

Hour. 

Barometric  Height* 

Il  b 

6—  7 

7—  8 

8—  9 

9— 10 

10-  11 

11—  12 

44 

39 
39 

1  61 

i 

1  60 
64 

!  67 

c"  AM. 

7 

8 

9 
10 
11 

67.85 

58.15 

r.8.2!) 
68.39 
58.30 
.57.98 

1  PM. 

1-  2 

2—  3 
8—  4 
4—  6 
6—  6 
C—  7 

60 
41 

6a 

58 
61 
40 
45 

1  PM. 

2 
o 

4 
5 

n 

7 

57.07 

r>G.8r» 

50.95 
57.11 

57.:{0 
57.5G 

7—  8 
8  9 

10-11 
11  12 

Sxm  

44 
40 
7:5 
(52 
71 
1234 
61.4 

8 

9 
10 
11 

Midiught. 

r,7.7(; 
57.91 
58.02 
57.»8 
67.88 

Mvii  

*  IttHluctioQ  to  Btaniltud  ^aTity=  —0.70  mm. 
Itoilnettoik  to  in«ni  m  levda-h5.40  sun. 


As  illustiatod  ill  V'lg.  the  diurnal  varinfu  n  of  the  frc- 
quenc}'  of  ihojinan  at  Arima  BhoTirs  veiy  clearly  4  maxinoa  a, 
5,  e,  and  the  4  corresponding  minima,  indicating  a  six-hour 
periodicity.  Further,  it  will  be  observed  from  Fig.  4  that  the 
diurnal  Tariation  of  the  barometric  pi'essure  at  Kobe  shows 
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tlie  two  maxima  and  two  minima,  indicating  as  usual  a  12-lionr 
periodicity.  Comparing  the  two  figures,  we  see  that  the  mutual 
relation  between  the  jinari  froquenoy  and  the  barometric  pressure 
is  striking,  the  two  maxima,  b  and  and  the  two  other  maxima, 
rt  and  c,  of  the  former  occun  ing  nearly  at  the  same  hours  respec- 
tively with  the  two  maxima  and  uHiiiina  ot  the  latter.  The 
e^xfclis  of  the  4  maxima  a,  b,  c,  d,  indicated  by  the  mean  £re- 
(jutsncy  cm-ve  of  tho  Jimri  are  as  follows  : — 

Irt  MasinoiD,  (a)  ftbcmt  3  ftm» 

and      „       (6)   „  U  „ 

3rd      „       (c)   „  4pai. 

4ib       „       (<Q  between  10-11 

The  diflereiicos  between  the  1  inaxima  </,  rl,  aiKl  the  corres- 

ponding minima  (tlic  preceding  minimum  in  each  case,  say),  are 
as  follows: — 

Uifiteraaoe  in  the  fimiiieD^, 


1st  Max.  oud  Min  17 

Snd         „    28 

3»J         „    20 

4th         „   33 

Averatfe   3$ 


Tliis  iucrage  tlilibionet'  may  apin'oxiniately  bo  regarded  as  the 
eficct  due  to  tin*  >»!ir<mietrie  {wssuic,  aiul  corresponds  to  about 
50%  of  tlie  meiiii  hom"ly  frequency,  namely,  51.  i. 

As  tho  jinaii  are  purely  local  piienoroena  of  a  shallow  origin, 
it  is  to  be  quite  expected  that  their  frequency  should  be  influenced 
by  the  barometric  pressure.  What  was  said  above  indicates  that 
both  the  increase  and  tlie  decrease  of  the  pressure  equally  causes 
an  increase  in  tho  frcqxuMicy  of  the  jinarU  m  accordance  with  the 
principle  stated  in  §  4,  (a). 
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a  JHumal  variatia»  9f  earthquake  frequeneu  in  Xokyo. 
The  diurnal  variation  of  the  seisciic  frequency  in  Tokyo  also 
shows  clearly  the  same  characteristic  as  the  Jinari  at  Arima. 
Tlie  following  tabic  gives  the  distribution  in  the  24  hoars  of  the 

day  of  2,'J08  earthquakes  instiumeiitally  observed  during  the  84 
ye;iis,  1870-1899,  at  the  Central  ^^^•t(M»l■ulogical  ofe^rvatory,  and 
tlie  mean  hourly  values  of  the  barometric  pressure  aC^be  same 
place.^ 

V  -  DIURNAL  VARIATIONS  OR  TIIR  RREQUCNCT  Ol 
SARTHQUAKES  AliD  TH£  BASOMHTfilC 
FREBSURB,  IK  TOKTO. 


Eartliqnakes  (1876-1899). 


Hour  Intenal. 


H  h 

0—  1  AM, 

1—  2 

2—  3 

3"'"—  4 
1  5 
5—  (] 

<;  ^  7 

7  ^  H 
K  -  9 
9—10 

10—  11 

11-  12 


I'l-oqneucy. 


0  -  1  FM. 

1—  2 

2—  a 


92 
81 
90 

85 
71 

87 
95 
92 
9(5 
11:? 
9:5 
84 


79 

91 

80 


*  Bepiodtwoa  bom  ftt  Ftdakationt  «f  file  Sarthqmk*  Imvjrf^ion  CbmmfMer.  No.  8^ 
t  With  the  fr«^<'/iDg  \>Ani  curredkn,  Bedaotioo  to  uteDdiud  gtHTitya— QuSS  min; 
sedocUou  to  iioii-level=  +  t^lM  mm. 


Diurnal  Variations.  Tokyo. 
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TABLST.  (Qml.) 


JMirUUjlUUEaB 

Atmoepherio  Fresfmre. 

Hour  Interval. 

FrannBiicv. 

I  Tour. 

Barometric  Height. 

h  h 

3—  4  PM. 

104 

4  FM. 

7oo+5aB 

97 

5 

S8M 

5—  6 

81 

6 

S8M 

G—  7 

89 

7 

69.14 

7  -  8 

93 

8 

69.4D 

8—  9 

104 

9 

59.00 

9—10 

100 

10 

69.61 

10—11 

107 

U 

69.64 

11—12 

99 

59.43 

Fig.  7,  drawn  fioiii  the  o-iiourh-  earthquake  numbers,  repre- 
sents the  mean  com-se  of  ttie  diurnal  variation  of  the  seismic 
fzeqnencyt  which  will  be  seen  to  be  on  tke  whole  parallel  to  that 
of  the  atmospheric  pressure.  That  is  to  say,  the  ordinary  (uon* 
destructLYe)  earthquakes  felt  in  Tokyo  happen  more  firoquenHy 
with  the  high  barometer  than  witli  the  low,  iUustrating  a  case 
stated  in  §  4,  (c).  The  cui-ve  of  the  hourlr  seismic  frequency 
(Fig.  5)  indicates,  however,  4  maxima,  namely,  u  pair  of  principal 
maxima,  a  and  6,  respecliveh*  at  9-10  am.  and  9-10  pm.,  and  a 
pair  of  the  s<  t ondary  maxima,  c  and  d,  respoctiv<  Ir  at  2-3  am. 
and  3-4  pm.  On  comparing  Figs.  5  and  6,  it  will  be  noted  that^ 
aceordiiig  to  the  principle  of  §  4,  (a),  the  two  maxima,  C  and  1>, 
and  the  two  minima,  and  J7,  of  the  barometric  prossnie 
correspond  resi)ective!y  to  the  pair  of  the  jiiiK  ipal  maxima  and 
the  pair  of  the  secondary  maxima,  of  the  seismic  frequency. 
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7.  BfeeipUatiwi  and  yeoHy  earfAffMoXse  fireqfteney  in 
To^o,    It  is  quite  conceivable  that  the  yearly  earthquake 

frequency  in  Tokyo  is  related  to  the  cimoiint  of  the  precipitation 
of  rain  and  snow  in  the  plain  uf  Musaslii,  oji  wliicli  tlio  rify  is 
situated,  or  along  the  north-western  coast  of  the  Main  Island, 
where  a  large  amount  of  the  moistui'e  is  deposit(  d  dtn-ing  the 
winter  months.  I  jpye  in  the  second  column  of  Table  VI,  the 
yearly  numbers  of  the  earthquakes  which  were  not  teleseismic 
and  which  were  instramentally  recorded  during  the  32  years, 
1876-1907,  at  the  Central  Meteorolo<!;ical  Observatory.  The  obser- 
vations were  made  at  first  witli  Palmieri's  selsmoginph,  but  since 
1887  by  means  of  a  Ciray-Mihu -Irving  type  seismograph.  It 
will  be  obsenx'd  that  the  earthquake  number  was  minimum 
(=32}  in  1883,  and  maximum  (  =  -M0)  in  189G,  thence  the  fre- 
quency is  on  the  whole  decreasing.  For  the  sake  of  refei'ence, 
I  give  in  Table  Vll,  the  mean  barometric  pressure  and  tempera- 
ture, and  the  amount  of  precipitation  in  Tokyo  during  each  of 
these  32  years.  As  a  trial  I  have  taken  into  consideration  the 
amount  of  precipitation  at  Xiigata  and  Akita,  both  situated  along 
the  .Tapaii  Sea  coast,  as  the  obsoi  vat  ions  at  these  two  places  date 
since  1882  and  1»83,  respectively  over  the  long  intervals  of  26 
and  2')  years  (Table  VI).  The  city  of  iiiigata,  about  200  km  to 
the  NNW  of  Tokyo,  is  situated  at  the  mouth  of  the  8hinano-j^aira, 
the  quartemary  plain  about  the  lower  course  of  the  latter  and 
the  neighbouring  rivers  being  the  largest  in  Japan  next  to  the- 
Tokyo  plain.  The  city  of  Akita  is  at  about  440  km  to  the 
north  of  Tokyo. 


Digitizea  by  ^OO' 


Digitized  by  Google 


Digitized  by  Google 


Ly  Google 


Digiiizea  by  <jOO' 


Digrtized  by  Google 


NoCm  on  the  SeoomUry  Caoaea  uf  Eaitbqankea. 


113 


TABIiE  VI.— YEARLY  NTTMBEIRS  OF  £ARTHQUAJl£a  IN  TOKXO,  (1876-1907) 

AMD  TBS  AKOmiT  OP  PRXOXnVAnOM  AT  imaATA 

A17D  AUTA  (1882-1907.) 


i  ilk  Tokyo. 

Amoaiit  of  Fncij|ilwlian 

ft 

Aldta. 

JTcon. 

1976 

86 

1877 

71 

1A78 

50 

im 

70 

18S0 

77 

61 

1882 

■la 

1311.3™i'> 

.  mm 

 nai 

1883 

33 

]796u5 

1536.4          ,  1666.6 

188t 

66 

1838^ 

1660.1 

1744.7 

18H5 

fis 

n»;j5.9 

1S09.5 

1872.7 

1686 

54 

1580.1 

I7a6j0 

1B83.1 

1887 

80 

1467.9 

1M&3 

14fi6jB 

1889 

101 

ir.si.3 

1579.6 

1<«0.5 

1883 

11.1 

1889.3 

.     1 937.0 

i;)i3.r, 

IftBO 

1781.0 

1V»71.8 

1H77.8 

123 

1«77.7 

lHiS.9 

73 

1S09.9 

1725.7 

1813 

59 

1717.9 

1775.2 

1740.6 

IVl 

14I8;iO 

1588.1 

1S07.1 

1885 

132 

1586.7 

1331  JO 

1468.9 

1896 

316 

1831.1 

3335.1 

3004.6 

1897 

164 

3257.8 

1364.5 

3111.3 

1888 

144 

1777.6 

1638J0 

17D8J> 

1800 

121 

1^53.0 

i:»72.3 

1913.7 

1900 

156 

1933.3 

1854.0 

1808.7 

1801 

121 

1C'>1.G 

1803 

IIB 

ir,93.3 

lHo3.8 

1773.6 

1903 

101 

1858.9 

2141.4 

2000.2 

ISUl 

155 

198G.& 

1950.2 

1971.4 

1905 

151 

3133.5 

1957.3 

3045.4 

1906 

132 

1713.2 

15:)5.0 

lfi24.1 

1907 

100 

1741.7 

1548.8 

1645.3 
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TABI^  VIX  — M£AN  RARQMHTRIC  PiUISSURC  AND  TBMPflXlAT  U A£, 
AMD  TBB  AHOfnHT  OF  FBXGIFZTATK»r. 


TOKYO. 

1879—1907. 

Mean  Barometric 

Mean 

Anmi  il  Aim  mnt  of 

Year 

Preestue.* 

TemperatoiQ. 

Precipitation. 

mm 

0 

mm 

1S7(> 

7G1.1 

13.0  C 

1750.4 

1S77 

r,i.5 

13.9 

1317.3 

1878 

61.5 

13.0 

1704.2 

01. U 

1492.  < 

ISoU 

61.3 

1S.9 

1686.7 

1881 

61.4 

-     ■  ■  - 
13.0 

1444.4 

1882 

61.6 

13.8 

1478.3 

4  AAA 

1863 

01.4 

13.2 

1552.6 

1884 

61.2 

12.8 

1314.8 

1885 

61.3 

13.0 

1531.7 

i88f; 

01.5 

13.9 

1280.3 

1887 

00.8 

13.8 

1250.0 

1888 

01.0 

13.5 

1378.6 

1889 

61.2 

1S.S 

1319.3 

1890 

61.0 

15.0 

1968.2 

1891 

61.2 

14.4 

1220.8 

1892 

01.0 

14.0 

171 5.  T 

1893 

01.2 

13.8 

1101.3 

1894 

01.5 

14.8 

1320.8 

is9(; 

01.5 

14.0 

1373.9 

1SU7 

61.0 

13.2 

1497.2 

1898 

61.2 

13.9 

1711.9 

1899 

00.7 

13.8 

1649.1 

1900 

01.0 

13.0 

1188.0 

1901 

(iO.H 

13.8 

1588.9 

1902 

00.7 

i:;.7 

175^].7 

1903 

OJ.l 

l:i.7 

1012.2 

W04 

()0.8 

13.7 

1:58  l.S 

1905 

01.2 

13.5 

i;{;50.1 

looi; 

co.a 

13.1 

1519.5 

1907 

60.7 

13.6 

1640.4 

*  With  tlie  fieering  point,  mi  kTel,  and  gcavity  oonvctioxw. 
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The  variAtion  from  year  to  year  of  the  eartiiquake  number 
in  Tokyo  seems  to  have  no  marked  gen^nl  relation  to  that  of 
the  amoimt  of  the  predpitation,  or  to  the  mean  temperature 
and  barometric  pressure,  at  the  same  place.  The  Tokyo  seismic 

frequency  varied,  however,  in  a  close  parallelism  witli  the  amount 
of  the  precipitation  at  Niigata  mul  Akita.  As  will  be  seen  from 
Figs.  9  and  10,  both  tiie  absolute  amount  of  the  precipitatitni  and 
the  general  course  of  its  variation  with  years  wore  nearly  alike 
for  these  two  places;  the  annual  amount  of  pfecipitation  being 
in  each  case  taken  to  be  a  function  d  the  time.  Fig.  8  illustrates 
the  variation  of  the  yearly  seismic  frequency  in  Tokyo,  and  of  the 
mean  amount  of  the  precipitation  at  Niigata  and  Akita  (Table  VI). 
The  curve  for  tlie  soismic  frerjuency  will  be  observed  to  be,  on  the 
whole,  similar  to  that  for  the  precipitation  (dmwn  in  red);  tlic  highest 
values  in  both  occurring  in  the  two  years  1896  and  1897.  lu  fact 
the  different  maxima  in  the  frequency  correspond  to  those  in  tlie 
amount  of  the  precipitation,  and  the  two  curves  ran  nearly  parallel 
to  each  other.  This  coincidence  is  probably  not  accidental,  and  the 
variation  of  the  yearly  number  of  the  earthquakes  felt  in  Tokyo 
may  be  taken  to  be  Jippr«ixiniatel\-  proportional  to  the  uinouut  of 
precipitation  alon^^  tlie  north-western  side  of  the  Main  Island. 

8.  Weather  and  destructive  earthquakes,  lu  Japiin,  India, 
America,  and  probably  also  in  some  other  countries,  earthquakes 
are  popularly  supposed  to  occur  specially  in  the  so-called  earik- 
qtiake  weather,  namely,  on  sultry  days.  This  is,  however,  not  true, 
at  least  not  generally.  On  the  other  hand,  Carlyle  says  in  his 
French  Rcvolidion  :  "Hope  ushers  in  a  Kevolntioii, — as  earthquakes 
are  precnled  by  bii^lit  weather."  Whatever  luiiy  be  the  authority 
in  seismological  matters  of  the  great  British  author,  there  were 
certainly  many  earthquakes  which  occurred  in  bright  weather. 
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Indeed  the  reliilion  of  carthqiiakea  to  weather  is  a  veiy  complicated 
question,  as  it  involves  the  considerations  of  the  atmospheric 
pressure,  temperature  and  moistui'e,  and  the  precipitation.  Large 
shocks  and  sroaU  sliakings  are  often  governed,  in  their  time 

distribution,  l)y  entirely  opposite  laws.  So  are  also  earthquakes 
of  inland  origin  ami  those  of  submuriiic  oiiijin.  For  the  pieric-nt, 
I  shall  confine  myself  to  tlie  consideration  of  some  of  the  great 
dcsti'uctive  earthquakes  in  Japan,  of  wliicli  we  have  the  record 
of  the  state  of  the  accompanying  weather.  Tliere  were  18  of 
these  shocks,  as  follows. 

TABLE  VIII    RELATJON  TO  WEATHER  OP  TAB 


DESTRUCTIVE  CARTHQUAKBS. 


Tiine  of 
Ooctunnoe. 

Bhaken. 

Remwlai  <m  Uu  W«*tlm. 

'         Aug.  3»  1361. 

1 

4  am. 

Kiitfti  I'rovinccB,*  Kii. 
Aura.  (Aooampunieil  by 
fmwiinl.**} 

nUr  (Kyoto) 

a 

Sept.  'M.  im. 

a  um. 

Ise.  Tatomi.  ViktMH,  Eiii, 
Snn^  Sngiimi.  Xni. 
(AooompnnM  bj  <aw- 
MOini) 

Do. 

3 

Sept.  91,  1510. 

3  iiin. 

Sottsn.  Tlui  loril,  or  tem- 
ple gnto  oC  SUtMino-ji, 
ovoiUiniwii. 

4 

Jau.  18.  liSi. 

Kiimi  rrrwiacm,  OmI. 
Miiio.  On-nri,  lie,  Mika- 
wii.  (AfoompAniatl  Ivy 

Snowy  {Kyoto). 

5 

Sept.  4,  15)16. 

1  am. 

■S  .-iimiHhirn.  S<?Uku.  Iziuui. 

v'l  hr  L;tcilt  J\i  irll:  1  J  jirdi- 

iiniikt',  which  <leKtroy<<«l 

tlie  oiMtle  of  Fnahimi.) 

Fnir  (Kyoto).  ("oJitinued 
h,  !»■  fiiir  till  Kth  ;  min 
iitiil  wiutl  on  Uth. 

ft 

June  16.  1662. 

11  am. 

Kinai  I  'r: iiK'i  V,    l  iiilia, 
AVukjisii,  '"mi.  ^lii.o,  Is.  . 
Simigri.  ,Milcii\ia.  Sliilinlio. 

(The  Kwiiulmu  EiutU- 

In  K VI I'll,  (  crjisiiMial  RiitlH 
from  the  previous  evea- 
ing  ;  hciivy  rainfall  ntOw 
time  id  the  shock. 

*  The  KiuAi  PioTiuccB  nrc  Yumusbiro,  Vanuito,  KawncLi.  Iziuui,  and  Settsa. 

**  Ttntnami  deaotes  tlie  grant  ticiiil  dutmiNinces,  wMdi  may  be  eAmed  by  ■abnuaine  eiaUi- 
flvtHBtK,  mlonnie  emptians,  or  by  bturanetrie  iktpieaamut. 
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TABLE  Vill.  (I 


Time  o( 

ProritioeB  ittoDC^j 

Dnte. 

Remaika  on  tb»  Wentber. 

Ooi!iixraiio8> 

sluikni. 

7 

Feb.  1.  1068. 

I 

6  pm. 

Umivj  bdov  fall,  (o  tbe 
MIKMlDt  OC  MaM  15  f<«t. 

10 


See.  SX.  im 


"  j    Oct.  aa.  1707. 


19  ?;«7c¥l:flr:H 


Mnj  8.  1847. 

I 


]     July  a. 


Deo.  23.  ]H5i.  | 


l>ec.  21.  Ib54. 


2iov.  11.  1B5&. 


3  am. 


1  pm. 


luirly 
morning. 


**   '      l>ec  18,  1S2S.        '  ' 


4  pm. 


10  pm. 


2  am. 


9  iini. 


10  pm. 


I  Yedo  tTokyo),  J^wipnid. 
Awu,  Kiizusii.  Accum- 
piiiiicfl  by  tminami.  {'Vho 
Gemoka  Euthqanka) 

Kyn.sbutoToloudo.  {'Vho 
Hoei  EftrtLqiKike,  the 
gnaitest  of  the  (liHttir- 
iiances  thnt  ever  ttbook 
Jiil^iiu  in  tliA  UiilQrioiil 
times.) 


Ogi  {ptininoft  of  Sndo.) 


Snnjo  and  Ticinity  (]m> 
'rince  oC  Eeliigu).  (Tlu) 
BiiDgfrl  Enttbqnake.) 


I  Kyoto  nnd  tb»  Ktmii 

'  Prorinces.  (The  Tenpo 
I  Enitluiiuikc.) 


I 


Shimmo  tuul  £«lugo. 
(The  great  Zetitu^  EaiUi- 


Kitmi  l*rovinc«<,  Ispi,  Ise. 
Kii.  (One  of  Um  Ant^^i 
Eiurt]»|iMlraB.) 


Tukaiilo.     (Out-  uC  tlio 

i 

'  Saikjtiili)  niul  Xunkni<1o. 
(One  u£  the  AuM-i  Eurtb- 

qiuket:.) 


Yedo  (Tcjkyu.) 


Fair  in  Yeik»  (Tokyo). 
Onlm  and  deor  ioKyotch 


In  K>'  to.  i  lnir  iuul  «ilm. 
In  Totiii  (8hikoku).  very 
clear  and  bright,  witb  n<> 
«'1«»it(l  nt  nil :  no  wind 

!lirMu;^li<int  tin'  <l;iy,  und 
worm  08  in  sununer. 


On  Die  8tb, 
ttod  lailuu 


vfliy  dear 


OMtt  niow  atom  In  the 
night  oC  the  17th.  and 
some  rain  nml  strong 
irlnds  in  tbe  morning  ^ 
the  18th. 


Fair  on  the  18th— tlOth : 
heavy  nin  on  the  21st ; 
Air  on  the  asiod  nnd 
ffhd ;  Bone  nin  on  the 
Mth. 

dear,  calm  and  wium. 
ill  the  dny  tim*'  and  tbe 
evcniiig  of  the  8th. 

On  111*'  Htli.  fair  dtuint; 
tbo  dity  time,  with  niin 
aud  thunder  in  the  even- 
ing  (Kyoto). 

Fair  in  Kyoto,  Kii,  iiimI 
tbe  Tokoido  provinces. 

FSnmo  fair  woitber  nB  OO 
tbe  pruviouB  ilny. 


Dnring  the  <lny.  cloudy 
nnd  tJigbtly  miny.  Clenr- 
«1  op  in  tbe  «TeQinK. 
the  wind  b«ing  nnnsuol- 
ly  oolm. 
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Date. 

Tims  of        FaovlikaM  itxaa^j 

'                                   RemarkB  on  the  ^^  cnthcr. 

n<cumii<«>.  libaken. 

18 

■Il4&'ll-Dfl{l<  ^  n -44- A  a 

•Wre  H        1 /j  IT /V  a 
OoL  38,  1891. 

6.37  Aio.   1  Mino-Owari  £qke. 

1 

i 

V 

1 

r 

At  Oifo.  Uw  amoaiit  oC 
pndpitelion  chidng  Oct- 
olMr  1891  vai  nnoBniiUr 
small,  tfaom  being  no 
mill  foil  lit  aD  batwMD 
the  let  and  22im1  Of  fht 
month.   8ince  the  23nl. 

thf^re    were    solDi'  OOOI- 
sionnl  nans,  wliich  ce«s- 
cid  completely  at  al^mt 
fih  10m  am.  on  thu  2SUi. 
The  sky  bef^ii  to  dfar 
up  from  About  hb  15m 
iim.  in  the  same  morning. 
The   ftreat  enrthqnnke 

look  plm'o  at  r,li  :i7ln  am., 

while  the  barometet  wam 

Tlio  relation  to  weather  of  tlie  18  tjartliquakes  mentioned  in 

tho  above  table  was  as  follows : — 

Fair  or  dear  veatiter  13  oarthqnftlois. 

Caondy   2 

Baittj  or  snowy   3  „ 

Rainy  and  windy     „   1  ** 

Thna  \t  vnll  be  observed  tbat  12  out  of  the  18  earthquakes 

occurred  in  fair  or  clear  vcathers.  There  was  only  one  case. 
No.  7.  in  which  the  weatljtr  was  rainv  and  wnndv.  This,  how- 
ever,  took  phice  in  Ecln'go,  where  there  is  dnriiig  the  winter 
months  much  wind  and  precipitation,  so  that  it  is  not  at  all 
snrprising  that  a  strong  oarthqaake  should  occur  at  Takata  in  a 
bad  vreather.  Again,  of  the  18  destructive  earthquakes,  none 
occurred  in  a  wot  sultry  weather,  which  is  a  contradictaon  to  the 
popular  belief  Ix  tnre  referred  to.  It  is  extremely  probable  that 
Qrmt  shocks  do  noi  occur  in  ver>)  bad  ncathcrs. 

The  two  great  eaithquakes  of  lloei  and  Zeukoji  (Nos.  d  and 
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13)  and  the  Ogi  earthquake  (No.  10),  whose  dates  were  from 
Oct  28  to  May  8,  took  place  each  on  a  very  dear,  calm  and 
warm  day.  It  is  probable  that  these  destmctive  seismic  dis- 
ttirbances  happened  when,  after  the  passage  of  the  atmospheric 
depressions,  the  whole  of  Japan  was  covered  by  the  high 
pressure,  bo  that  the  weather  was  iine  and  calm,  and  consequently 
warm  in  tiie  day  time;  just  in  the  same  way  as  a  snow  storm 
in  Tokyo  is  generally  followed  by  a  bright  and  warm  day. 

9.  Earthquake  toetxther  and  fire9>  None  of  the  destructive 
earthquakes  in  Japan  ever  happened  in  the  midst  of  a  violent 
storm.  This  is  a  very  fortunate  circnmstance  in  connection  witfai 
the  disastrous  fires  which  so  often  break  out  after  great  shocks. 
Thus,  on  thu  occa:iioii  of  the  Ye<lo  (Tokyo)  earthquake  of  tlu' 
2nd  year  of  Ansei,  (No.  17),  which  took  place  at  10  pm.,  and 
which  caused  a  loss  of  about  7,000  lives,  fibres  broke  out  at  32 
different  places  in  the  city.  Owing,  however,  to  the  stillness  of 
air,  all  these  fires  were  pat  ont  before  the  day-break,  the  aggre- 
gate area  of  the  burnt  districts  being  about  1  square  mile.  This 
amount  of  the  damage  is  much  smaller  than  in  the  cases  of  some 
of  the  metrL)|>olitan  fires,  which  were  not  connected  with  earth- 
quakes. For  instance,  the  famous  Maruyama  fire  of  the  ovd 
year  of  Meireki,  on  March  2,  IG')?,  causod  the  loss  of  107,046 
lives:  while  the  great  fire  of  April  1,  1772,  began  at  Megmt) 
and  reached,  within  24  hours,  to  the  Koishikawa,  Sbitaya,  and 
other  northern  districts,  reducing  to  ashes  all  the  buildings  within 
an  wen  34  km  in  length  and  4  km  in  width.  These  and  other 
gigniitic  flics  in  Yedo  (Tokyo)  all  uecnrrcd  on  the  occasion  of 
great  stronis,  and,  in  the  cast;  of  the  Meireki  catastrophe,  the 
wind  velocity  is  supposed  to  have  reached  00  miles  per  hour. 
As,  however,  the  dcstnictivo  eartliquakes  never  occurred  on 
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stonny  dnys  it  is  tv  be  cxixcted  thai  the  liiv.^  followinir  these 
would  not  extend  so  enormously,  provided  moans  be  properly 
taken  for  sabduing  the  .tiames.'^ 

10.  JBffeeiB  of  baromeirie  prenure  and  Hdes,  Let  us 
next  consider  the  effects  on  the  seismic  frequency  of  the  tides 
combined  with  the  barometric  pressure,  confining  our  attention  to 
the  stronger  or  larger  oai-thquakes,  which  originated  in  the 
vicinity  of  Tokvo  or  off  the  north-eastern  coast  of  the  ISln in 
Island.  The  times  of  the  high  or  low  waters  of  the  tide  given 
in  the  subsequent  tables,  relate  to  the  tide-gauge  station  of 
Beigan'jima,  Tokyo,  and  are  practically  identical  to  those  for 
Yokohama.  The  tidal  moTements  along  the  north-eastern  coast 
of  the  Main  Island  take  place  some  half  an  hour  earlier  than 
those  at  Tokyo  and  Yokohama. 

11.  Stronger  earthguakes  orhfiittttlnff  from  the  Txtr  (s- 
land  zone.  Table  IX  is  a  Hst  of  the  14  reeeiiL  stronger  sub- 
mnrino  earthquakes,  which  originated  along  the  Fuji  volcanic 
chain,  namely,  from  among  the  Izu  islands  or  in  the  vicinity  of 
Hachijo,  Ogasawara  (Benin),  and  other  islands  some  distance  off 
the  coast  of  Izu  peninsula ;  tlie  moment  of  the  high  or  low  water 
at  Keigan-jima  (Tokyo)  nearest  to  the  time  of  occurrence  of  each 
eaiih<j[uakc  being  also  given  for  tlie  sake  of  comparison. 


*  19  B  ftttd  9  An  tiiiBslatioas  of  1117  Botes  In  Japaaieift  puUiiilMd  in  tlw  '*Tafo  Gjikagei 
ZmUr  Dee.  1906. 
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TABLE  IX.— LIST  OF  THE  KBCENT  STRONGER  SUH MARINE 
EARTHQUAKES  WHICM  ORIOINAT££>  AliOIfa  THE 

Fun  votiCAinc  csuiir. 


(0 

Date. 

(ii)  Time 
of  Eqks. 
Oocmrenoe. 

(iii)    Time  of  High  or 

Low  water  at 
Beigaii-jima  (Tokyo). 

Time 
Differeuoo 
(uHiii). 

April 

16,  1890. 

9  30  pm. 

h  M 

9  18  pm. 

fjour  xniet. 

k 

0 

12 

12,  1890. 

1  6  38  am. 

4  43  am. 

High  water. 

1 

55 

May     7,  „ 
Jan.    18.  1897. 
HarcU27»  1898. 

2  37  pm. 

!J  -27 

3  24  am. 

1  61  pm. 

|0  :J8  am. 
1  (next  day). 

2  69  am. 

WW 

Low  water. 
»» 

0 

0 

46 

25 

Jftn. 

31,  1900. 

2  88  „ 

0  23 

2 

15 

Nov. 

4  41  pm. 

3  45  pm. 

High  water. 

0 

56 

»♦ 

0,  » 

2  66  am. 

1  29  am. 

Low  water. 

1 

26 

»» 

19.  „ 

10  ">0  ym. 

10  30  pm. 

n 

0 

29 

Feb. 

20,  1902. 

10  50  am. 

10  44  am. 

0 

(Ki 

June 

3,  1908. 

0  28  pm. 

11  36  „ 

High  water. 

0 

52 

Nov. 

1904. 

9  49  iun. 

8  55  „ 

>t 

u 

54 

JjXBB 

7,  1905. 

2  40  pm. 

3  03  pm. 

Low  water. 

-0 

23 

May 

4.  1907. 

6  37  „ 

4  43 

.M 

0 

54 
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With  r^ard  to  the  diurnal  variation  of  the  barometric 
pressure,  the  times  of  the  earthquakes  tabulated  above  may  be 
grou|)6d,  except  the  2iid  and  the  last,  as  follows: — 


9  30  pm. 
9  27 

10  50  „ 

(10  50  am. 
949  » 


(C). 


2  37  pm. 
4  41  „ 
028 

2  40  „ 

3  24  am. 

■2  38 
2  55 

The  two  groups  A  and  B  occurred  nt  the  hours  of  the  haromeiric 
inaximum,  while  the  two  other  groups  C  aud  JJ  occurml  at  the 
hours  of  the  Imrometric  minimum. 

The  difference  between  the  time  of  earthquake  occurrence 
and  the  nearest  moment  of  the  high  or  low  water  of  the  tide 
varied,  exo^  in  the  case  of  the  4th  earthquake,  betwe^  Oh  12m 
and  2h  15m,  giving  the  average  value  of  50m.  This  is  to  \ie 
ivgaith'd  as  the  intcival  by  wliicli  the  different  lartlHUinkes 
followed,  except  in  one  case,  the  hiuli  or  low  water  iu  tiie  Tokyo 
Bay,  which  happens  not  much  apart  iu  time  from  that  along  the 
islands  of  the  zone  in  question. 

18.  Reeent  atrang  earthquakes  feU  in  Tifkyo,  In  §  8  I 
ha%*e  considered  some  of  the  gi'eat  destructive  earthquakes  in 
Japan  in  relation  to  weather.  Turning  now  our  attention  to  tlie 
recent  eartluiuakes  felt  in  Tokyo,  we  liitvo  14  crises,  in  which 
the  motion  was  strong  or  severe ;  amongst  others,  the  shock 
(No,  7)  of  June  20,  1894,  was  semi-destructive  and  caused  a 
considerable  amount  of  damage.  The  relation  of  their  times  of 
occnn'once  to  the  low  or  liigh  water  epoch  of  the  tide  and  the 
baromoti-ic  pressure  is  shown  in  the  following  table. 
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TABLB  X-LUT  OF  amOTO  XAJtlBQDAXBB  VBUZ  m  TOKra 


Ha 

DMtt. 

Tim  of 
Emthqnnlcs 

Tune  of  Hisjb  or 
Low  Wotw  At 
Bcignn-jiuui, 
Tkdqro  Baj. 

Baiumitiio  Vntnm, 
(With  ■Mt'IeTel  and  fnexing 
point  oamaOona). 

1 

Feb. 

'2-2,  1890. 

ii 
U 

49* 

MO. 

ii  m 

2  U8  aat.  (h) 

Mia.  754.U  mm.  Pressnre  raw  niter 

a 

Oct. 

IS.  im. 

4 

21 

lun. 

S  €0  am.  (li) 

Mia.  734  mm.  at  4  pnt.  oa  14tlii. 

3« 

Jan. 

la,  1887. 

0 

51 

/  9  48  nm.  (h) 
t  3  W  pm.  a) 

Mia.  754  mm.  at  2«m..  on  lajth. 

4* 

Apcil 

10 

€0 

MIL 

1    7   13  ATll.  (Ill 

Biir.  !i<  i^aTftft  mm,  pwamm  da- 

crtuisiiii^. 

5 

Feb. 

1%  im 

« 

0» 

am.    1  7  04  MO.  ih) 
• 

Min.  740  mm.  at  2  pm^  ou  17tb. 

«• 

Dee. 

M,  18»1. 

ft 

30 

ft  Hr  am.  (1) 

Bar.  height  a703  mm,  priaiiifi  in- 
amaaiiifr 

7* 

Jane 

90,  1834. 

2 

04 

pn. 

0  42  pm.  (1) 

Mia.  754.7  mm.  at  3^8  pm^  on 

2001. 

K 

•lull. 

18,  IHOh. 

10 

48 

pm. 

10  4U  pni.  (b) 

Mia.  Mean  ptessure  uu  18Uis 
782jtt  mm. 

, 

Ai»a 

^  mi. 

3 

10 

iim. 

8  23  nm.  (1) 

On  '23ra.  ^Un.  757  mm.  at  4  am.. 

10 

Jane 

■23,  1»U2. 

7 

43 

am. 

6  31  am.  (h) 

Mlu.  74i.&  mm,  at  7  am.  uu  '2Uh. 

11 

Fell. 

34.  IMS. 

9 

14 

•IB. 

e  57  un.  (h) 

Mean  prcasun'  <m  'Jtths769  mm. 
Barometer  iiscendiug. 

12 

JOM 

11,  1907. 

8 

59 

AID. 

1  4  23  am.  (h) 
t  1  16  pm.  (1) 

Min.  746  mm,  at  10  pm.,  on  13th. 

13 

bept. 

23.  1807. 

4 

50 

am. 

ft  27  am.  (h) 

Prcasnre  in  the  ndriuul  i-  )Qilitiijii. 
Btir.  height -7 oti  !um  at  (jam.,  ou 
•2-2ud. 

14* 

Not. 

22,  1907. 

17 

aim. 

2  08  am.  (1) 

Max.  774 mow  atO am.,  on  22nd. 

*  Eaifbiiiakes  oC  inland  origin. 

With  r^rds  to  tiio  atmospheric  pi'cssiire,  it  is  a  notable 
fact  that  8  ont  of  the  14  earthquakes  "were  accompamod  by  the 
marked  depression  of  741.5  to  754.7  mm.  and  one  by  a  very 
high  pressure  of  774  mm;  there  being  only  5  earthquakes  which 
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occurred  when  the  piesBiire  was  in  the  normal  condition,  between 
75C  and  762  mm.  Of  the  S  cases  of  barometric  minima  above 
noted,  4  piticeded,  2  followed,  and  2  were  nearly  simultaneous 

witli  the  rcsp)ective  cartliqiiakes.  These  relations  to  the  utmos- 
l^lu'ric  pressure  of  the  strong  and  severe  shocks  iioe<1  not 
necessarily  be  similar  to  those  in  the  case  of  the  groat  destructive 
earthquakes  (§  S). 

TIm)  difference  between  the  time  of  eartliquake  occurrence 
and  that  of  the  corresponding  high  or  low  water  of  the  tide 
varied  in  11  out  of  the  14  cases,  between  Oh  Om  and  2h  21m; 
only  ill  the  3  remaining  cases,  oaiLhquukcs  happened  midway 
lietwcen  the  high  and  low  wafers.  Again,  of  tiie  s  cat thqiiakes 
accompanicKl  by  burometiic  dopressions.  six  were  of  siiLnuarinL'  origin, 
and  five  of  tliese  occurred  near  the  time  of  the  high  waters.  On  the 
other  hand,  of  the  5  earthquakes  of  inland  origiD,  three  occurred 
with  the  low  water  and  two  between  the  low  and  high  waters. 

18*  X^st  of  the  stranger  earthquakes  tuhose  origins  were 
not  mneh  distant  from^  Tokyo*  The  two  tables  XI  and  XII 
gi\e  a  list  of  the  145  stronger  earthquakes,  which  happened 
i>et\veeii  1902  and  1007,  and  whose  origins  were  mostly  in  the 
Kw;nito  ]>rovinces*  or  ofl*  tlieir  coasts  not  much  distant  from 
Tokyo.  The  land  area  of  disturbance  of  each  of  these  earth- 
quakes, including  that  in  which  the  motion  was  insenaable  but 
was  I'ecorded  by  the  ordinary  Gray>Milne-Ewing  type  seismo- 
graphs, was  greater  than  1,000  square  ri.  (See  also  the  Bulletin^ 
\()\.  II,  So.  1.)  The  time  of  the  low  or  high  watei-  in  the  Tokyo 
J^iy  nearest  to  that  of  each  of  the  I'arthcpiakes  is  given  in  the 
4th  eohnmi  of  the  two  tables.  Tlie  different  eartliqnakcs  are 
di\'ided  into  ten  groups  according  to  the  positions  of  their  origins. 

*  Tlie  KwftUtD  ptuvinceit  oi«  Sasami.  Uwuilii,  Aira,  KnzniBt  ShlmoBit,  Hitnclii,  «tc. 
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TABLE  XI.<-^TRQNO£R  BARIHQUAKBS  .WHOSE  CENTHBS  WERE  NOT 
MUCH  DBTAIIT  FBOM  TOKTO.   IirZiASID  OSIOIH. 


(i) 

Tim 

e  of 

(ii)  Time  of  the 

Time 

Ot^iu  at  Bqke. 

Date. 

EarthqaiJcfi 

High  or  Low 

Difference 

Wafair. 

Dea     9, 1903 

ibidiia.  i9oa 

Ih  ssn 
9  04 

MM* 

{HI. 

(  BW'nm.  (1) 
J 11  02   pm.  (h) 
l(pnowliDgday). 
9  89  pm.  (h) 

h  m 
—9  18 

Oroup  I. 

April 

JLiy 

iLiy 

24,  1905 
30.  .. 
10.  1906 

5 
4 

3 

15 
99 

34 

am. 

an. 

pm. 

3  89  urn.  (1) 

S  39   Mn.  (Ii) 
1        pm.  ( 1 ) 

1  48 

1  Dv 

July 

27.  1907 

4 

23 

pm. 

1  55   pm.  (1) 

2  28 

Nov. 

10.  ,. 

2 

0:i 

nm. 

3  VI    nm.  (1) 

-1  OJ 

n 

23.  „ 

2 

17 

urn. 

2  06    am.  (1) 

0  11 

rt,  1908 

4 

18 

Mn, 

4  GO  nm.  (1) 

-0  41 

Apiil 

I.  H 

38 

9  98  am.  <1) 

0  99 

Group  II. 

JnJy 

I. 

9 

01 

0  40  am.  tfi) 

1  91 

8a[ii, 

16^ 

4  08  an.  (b) 

—0  SO 

Ady 

9k  1908 

9 

09 

f  0  11   pm.  (1) 
I  5  14  pm.  Ox) 

Aw. 

15.  190$ 

7 

59 

8  48  am.  (h) 

—0  54 

Miirt-li 

3.  1902 

2 

35 

X»in. 

0  3U   pm.  (1) 

1  59 

J«>ue 

20.  ,. 

5 

4ii 

pm. 

4  i>«   pm.  (n) 

U  ol 

Nuv. 

5.  .. 

5 

iJ 

pni. 

/  3  00   pm.  (1) 
(  H  118   pm.  (h) 

Mareli  13,  10O3 

1 

11 

pm. 

0  21    pm.  (1) 

0  50 

Group  lU. 
WeHterD  part  of  Ilitacfai, 
and  tihiiDotBoke. 

jQly 

VI 

«*  » 
15.  „ 

3 
4 

19 
51 

am. 
nm. 

2  42  nm.  (b) 

3  in   am.  (I) 

0  37 

1  35 

VI 

at,  „ 

2 

09 

im« 

2  91  pm.  (h) 

-0  18 

Apjl 

97,  1904 

S 

14 

am. 

9  00  am.  (h) 

0  14 

17,  1909 

5 

97 

5  18  pttL  (li) 

0  08 

.\pTil 

18.  1907 

2 

33 

am. 

2  23   am.  (I) 

0  10 

Oroup  IV. 

May 

25,  i\m 

K 

29 

pm. 

7  02    pm.  (h) 

1  97 

Ft.b. 

3.  1003 

1 

59 

am. 

3  27  am.  (1) 

1  39 

Digitized  by  Goc 


186 


F.  Omori: 


TABliE  XI.  (Cont.J 


Otigia  oC  Eqjte. 


(i)  Time  of 

Eftrtlinuiilvtf 
Occurrence. 


(ii)  Timo  of  the 
High  or  Low 
Water. 


Time 

Difference 


Oroap  V. 

BhimoNa,  >iciuity  of 
Kastiniiga-ura  (Bitiuhi), 


1S02 

u 

as. 

•  t 

iSaf 

IS, 

1* 

Aug. 

8. 

Dee. 

14 

81. 

w 

Jan. 

5. 

1903 

Klarch  12, 

»• 

April 

n 

♦» 

May 

6. 

n 

Jnne 

7. 

t» 

Dec. 

«. 

»• 

Miirch  12, 

1904 

April 

1. 

tf 

Muy 

K. 

»t 

Jane 

30. 

Aiig. 

1. 

Oct. 

5. 

•  t 

kpH 

«^ 

1805 

Vhj 

ao, 

Jane 

11. 

oept, 

SI, 

»> 

n 

tf 

Cct. 

», 

»» 

JaD. 

1906 

n. 

t» 

Vmy 

SI. 

f» 

tt 

S0^ 

9h  Upn 

am. 

(> 
A 

99 

pn< 

7 

4ft 

an. 

o 

nff 

am. 

1 

97 

pni. 

Q 

OS 

A 

o 

M 

auL 

e 

V 

am. 

K 

9 

m 

itm. 

o 

)im. 

o 

ri 

nm. 

Q 

iun. 

f> 

Id 

film. 

ii 
O 

iiri\. 

7 

21 

nm. 

8 

21 

nm. 

'.» 

in 

pm. 

0 

35 

nm. 

30 

pm. 

4 

S2 

am. 

U 

61 

pm. 

10 

00 

pm. 

2 

08 

9 

10 

am. 

6 

51 

pni. 

2 

IS 

pin. 

3 

60 

pm. 

11 

SB 

pm. 

lli*lS"am.  th) 

1  0»  pm.  (1) 

5  57  am.  (1) 

8  €6  am.  <b) 

4  35  :piii.  (h) 

1  14  pm.  {1} 

9  00  am.  (h) 
4  as  am.  (h) 

7  55  ftm.  (I) 

7  37  am.  (1) 

10  11  nm.  (1) 

8  30  nm.  (h) 
B  51  am.  (1) 

7  4U  nm.  (h) 
r*  03  nm.  (1) 

6  43  nm.  (h) 

10  31  pm.  (h) 

1  24  nm.  (h) 

G  1ft  pm.  (h) 

1  31  am.  (I) 
(next  clny). 

2  Xi  am.  (h) 

I  0  12  ant.  (b) 

((nmi  day). 

10  05  pm.  (b) 
0  50  am.  (b) 

8  IK  am.  (li) 
,  3  35»  imi-  (h) 

:  n  V2.  nm.  (1) 

(next  «lny). 

11  aa  am.  (h) 

4  57  pm.  (b) 

10  11  pm.  (b) 


.3)109" 

1  96 

1  41 

0  33 
•S  38 

1  34 
'0  IS 

1  19 

>9  53 

1  25 

-1  3:! 

0  25 

-2  39 

0  31 

1  21 
1  38 

-0  45 

-0  49 

1  59 

-0  SI 

-0  OS 

1  18 

0  59 

9  sa 

-1  01 

1  11 
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(MbIb  of  Sql» 

Date. 

(i)  Tune  of 
OeoumiM, 

(it)  lime  oC  the 

WlllM. 

Time 

(iMii) 

Aug. 

■21. 

1906 

-li'- 

am. 

am. 

(l» 

0«' 

19"' 

22. 

0 

OH 

ftm. 

1  l:i 

am. 

(1) 

-I 

05 

Oc*, 

6. 

,. 

6 

35. 

pm. 

G  4:{ 

pm. 

(h) 

-0 

08 

Oroup  V. 

Nov. 

12. 

11 

07 

y>Tn. 

10  aj 

pm. 

(1) 

1 

04 

SUiioosa,  Vidnity  of 

Dec 

24, 

5 

4G 

imi. 

H  1(6 

pm. 

(1) 

-2 

20 

KiisutniKik-um  (Ilitftchi), 

Knzi^i,  ei^tcrn  part 
uf  MuMNhi. 

JaD. 

3, 

1907 

3 

42 

am. 

2  39 

am. 

u, 

1  : 

03 

(CW.) 

Feb. 

M. 

M 

9 

87 

pm. 

9  02 

pm. 

0) 

55 

MArdi  13, 

H 

0 

38 

am. 

111  53    pm.  (1) 
((preceding  daj) 

0 

45 

July 

2. 

tt 

5 

45 

am. 

4  »2 

am. 

(1) 

1 

13 

Not. 

28. 

!• 

11 

2S 

am. 

0  01 

pm. 

-0 

33 

Daa 

ti. 

M 

ft 

M 

pm. 

4  11 

pnu 

a> 

1 

49 

TABLE  XTI     STRONOER  EAHTHQUAKBS  WHOSE  CiJNTRIJS  WERE 
MOT  MUCH  DISTAin?  FHOM  TOKYO.    SUBMAiilNE  ORIQLN. 


(i) 

Time  of 

(ii)  Tin 

e  of 

the 

TlTOP 

Origia  of  Ec^ke. 

Date. 

Earthquake 

High  otr  Low 

LHfferencf. 

Watw. 

(iMfi) 

Mny 

n. 

1h 

IK"' 

pm. 

1''50™ 

pm. 

(h) 

-0»' 

3*" 

Oct. 

in. 

1 

57 

am. 

4  16 

am. 

(h) 

-2 

19 

Feb. 

w. 

0 

45 

pm. 

1  28 

pm. 

(1) 

-0 

43 

July 

1. 

9 

10 

am. 

10  o■^ 

nm. 

(h) 

-0 

53 

Dec. 

18. 

11 

20 

am. 

11  54 

am. 

<l) 

-0 

34 

Qroup  VI. 

March 

8. 

1904 

3 

40 

nm. 

4  31 

iim. 

(I) 

-0 

51 

Off  the  ooMt  of 

f  7  26 
1  242 

Oct. 

2. 

1905 

10 

54 

am. 

am. 

U) 

Dec. 

26, 

w 

0 

11 

pm. 

0  22 

pm. 

-0 

11 

Stat, 

2S. 

1907 

6 

sa 

(10  12 
i  1  02 

pm. 
pm. 

ti) 

(b) 

20. 

■p 

0 

51 

pm. 

2  05 

pm. 

(1) 

-1 

14 

Haj 

5» 

w 

2 

16 

tun. 

4  51 

iim. 

(1) 

-2 

35 

Out 

». 

M 

9 

06 

J  6  02 
1  1  54 

am. 
pm. 
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TA8LBZII.  (Oani.) 


ungm  oc  jm|IM, 

(i»  I'iiiU!  of 
EnfhqiiakB 

Oaamenoe. 

(ii)  I'imo  ut  the 
TBif^  or  Low 
Wiiter. 

Time 
(i)— (ii) 

Xov. 

IX 

1903 

IS" 

nm. 

1J(WMI^»  mm. 

(1) 

-1" 

Od. 

27, 

1U04 

« 

21 

itm. 

37 

nm. 

(h) 

-0 

13 

Dec. 

1-2. 

., 

!» 

nm. 

(n 

2'.) 
f  J' 

It  m. 

(h) 

Group  vn. 

1  " 

pm. 

(1) 

Off  the  oooat  of 

Oc-t. 

10, 

1905 

1(» 

)im. 

11) 

•21 

am. 

(1) 

0 

3:j 

Nov. 

% 

»f 

11 

21 

am. 

rt 

45 

nm. 

(b) 

2 

3« 

Mny 

I«. 

1006 

1> 

■M\ 

pm. 

9 

03 

pm. 

0) 

0 

:« 

It 

19, 

1 

31 

lUB. 

2 

41 

am. 

<b) 

-1 

10 

Jnl7 

98, 

ions 

f 

91 

8 

S» 

am. 

-0 

4K 

Juti. 

91. 

1903 

1 

47 

am. 

1 

47 

am. 

U) 

0 

im 

0 

58 

Mn. 

3 

37 

AID. 

0») 

••9 

3K 

April 

19. 

1. 

7 

48 

pm. 

\i> 

\rl 

3a 

piU. 

pm. 

(1) 

July 

12. 

I'JOl 

7 

40 

pm. 

4 

40 

pm. 

(n) 

8 

54 

15, 

"• 

3 

44 

nm. 

1 

89 

nm. 

0) 

9 

05 

Ifi, 

10 
HI 

<rj 

am. 

7 

•2fi 

nm. 

(") 

9 

43 

17. 

4 

•27 

Hill. 

3 

0« 

nm. 

(I) 

1 

19 

IH. 

1» 

.M 

JJlM. 

!) 

•2.) 

pia. 

ill) 

-1 

:JK 

19, 

20 

pm. 

Oi 

]iin 

a) 

1 

17 

Group  vni. 

Off  the  K.  const  of 

0 

no 

]>in. 

10 

5H 

nm. 

(b) 

1 

32 

AwMrJUlBlUn  t^Mwminin 

17. 

r. 

41 

HiU. 

i; 

90 

52 

nm. 

nm. 

(1) 

4i) 

pro. 

5 

13 

pm. 

(b) 

1 

31". 

24, 

9 

14 

am. 

50 

nm. 

(b) 

2 

24 

1 

:»8 

iim. 

4X 

nm. 

(b) 

-1 

10 

14. 

K 

32 

pm. 

8 

13 

pm. 

(b) 

0 

r.i 

April 

K, 

2 

52 

pm. 

0 

41 

pm. 

(1) 

3 

11 

May 

I, 

B 

01 

MM. 

1.2 

55 
97 

am. 
•n. 

(b) 
<» 

»• 

e 

68 

am. 

« 

45 

am. 

*) 

0 

14 

Sept. 

9. 

3 

51 

nm. 

23 

nni. 

0) 

0 

SO 

Oet, 

19. 

» 

9 

30 

n 

81 
45 

pm. 
•at. 

(b) 
(1) 
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Origin  of  Eqfta. 

TMe. 

(i)  Time  of 

(ii)  Time  id  tlie 
High  or  Low 

Time 
(iMii) 

Nov. 

u, 

VJOG 

0" 

Si" 

'  ntn. 

1  ll"'28'n  pm.  (h) 
I  (preceding  day). 

Ih 

or."' 

.. 

23. 

•* 

3 

32 

pni. 

5  52 

pm. 

(1) 

-2 

ill 

6koiq>  VHI. 

•>un. 

2.">. 

1S07 

0 

33 

ntn. 

:)  2*1 

am. 

-2 

53 

Off  tbts  ccoBt  of 

Awa^Kimim  PeniiiinUA. 

Feb. 

0. 

5 

38 

pm. 

5  IH 

pm. 

ll\ 

0 

211 

(OnU.) 

Jooe 

11. 

M 

8 

.59 

nm. 

(  4  29 

\  1  m 

am. 

pm. 

<h) 

0) 

14. 

1 

43 

pm. 

2  3K 

pm. 

(1) 

-0 

55 

Kept 

22. 

»» 

4 

50 

ant. 

5  27 

am. 

(h) 

-0 

37 



Apri 

IB, 

Q 

a 

IW 

0  57 

pm. 

(h) 

1 

WJ 

♦> 

11 

00 

pm 

11  BO 

pm. 

(1) 

—0 

SO 

tiM  ntm  mt  fat  Omam  ■■■■ 

1  n  ir, 

pm. 

(h) 

mid  aaMde  ihe 

liov. 

7. 

It 

54 

pm. 

i  4  16  am. 
((nest  ^7) 

H) 

Oet. 

13. 

1907 

1 

4ft 

pm. 

S  >6 

pnk 

III 

-0 

40 



Mnrch 

12, 

10 

JH 

Jim. 

f  1  53 
\  «  36 

pm. 
am. 

(I) 

■ 

April 

5, 

»• 

7 

23 

pin. 

10  16 

pm. 

(1) 

-2 

O.J 

». 

fl. 

*i 

2 

13 

am. 

3  30 

am. 

(h) 

-1 

17 

June 

«i 

7 

42 

nm. 

r>  31 

nm. 

[hi 

1 

11 

Awg. 

7 

*( 

0 

3fi 

pm. 

2  40 

pm. 

(1) 

04 

Oct. 

12. 

10 

24 

)im. 

f  7  41 
1  1  38 

am. 
pm. 

(1) 
(h) 

23. 

1903 

u 

pm. 

t  5  47 
\  1  05 

pm. 
am. 

(h) 
ID 

Group  X. 

Oct. 

27. 

.» 

9 

57 

pm. 

9  47 

pm. 

(h) 

0 

If) 

Tokyo  Bny,  and 

Ungik  ChRBDfll. 

Nov. 

«. 

«• 

7 

04 

Xtm. 

."i  fir? 

pm. 

(111 

1 

11 

w 

•1 

6 

51 

pm. 

f  3  51 
1  »  04 

pm. 

PDta 

<l> 

Feb. 

96. 

S 

SO 

pm. 

7  9B 

pm. 

0> 

•1 

40 

w. 

» 

4 

08 

put. 

1  96 

pBL 

0) 

9 

9ft 

It 

87, 

•> 

5 

41 

MID. 

3  DS 

»n. 

(b) 

9 

IS 

n 

«i 

•» 

7 

48 

10  3ft 

a) 

-9 

BO 

Mutch 

190ft 

» 

18 

pn. 

11  88 

pm, 

(J) 

-9 

85 

» 

8 

06 

5  96 

0 

49 
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XAHCBZIL  fOmtt.) 


Oden  at  EqlK. 

Dote. 

(i)  Time  of 
Earthquake 
OoomMuw. 

(U)  Time  oC  the 
High  or  Low 
Water. 

Time 
Diffetence. 
(iMii). 

July 

I'J. 

1905 

51' 

03"^  pm. 

71iHm 

imi. 

(b) 

_2U 

08»" 

Auk. 

12. 

9 

28 

pm. 

10  :r> 

pill. 

(I) 

-1 

07 

Sept. 

3. 

2 

02 

am. 

'i  ,4i 

am. 

(1) 

-0 

40 

Ot-t. 

14. 

11 

54 

mh. 

0  44 

pm. 

(1) 

-0 

50 

Dec. 

7 

53 

ptn. 

8  '21 

lini. 

<M) 

-II 

31 

Group  X. 

Tokyo  Bay.  unci 

•Tan. 

9. 

9 

5a 

pm. 

1  0  12  um. 
((next  day) 

-2 

46 

dminiel. 

Uaj 

ai. 

» 

a 

21 

pm. 

i&7 

pm. 

-a 

36 

(CokL) 

n 

u, 

W 

a 

17 

183 

pm. 

<1) 

0 

44 

n 

». 

»f 

9 

3T 

Jim. 

11  08 

pn. 

-I 

35 

5. 

wt 

4 

83 

am. 

(h) 

.0 

00 

ft 

H 

5 

as 

» 

0 

30 

Oat. 

iiNrr 

6 

16 

7  18 

(1) 

-i 

oa 

K 

t 

98 

08» 

pnv 

U) 

0 

69 

Earthqualu'f^  of  Inland  Origin,  Gfoupn  I  to  IV.  (i roups  I 
to  IV,  Table  XI,  include  tlio  26  earthquakes  which  originated, 
in  the  r^ons  adjacent  to  the  plain  of  the  lower  course  of  the 
Tone*  jraira  and  its  tributaries,  namely,  in  the  provinces  of  Musashi 
(eastern  part  excepted),  Sagami,  western  part  of  Hitachi,  Shimo* 
tsuke,  and  Kai.  A  strildng  featnre  in  the  diurnal  distribution  of 
these  inland  earthquakes  is  that«  with  the  exception  of  the  two, 
which  occurred  lietweeii  7  and  9  pm.,  they  have  all  taken  place- 
betwei'ii  1  and  6  am.  and  1  and  G  i)m.,  namely,  at  those  hours 
when  the  bai-ometric  pressure  is  maximum.    (See  also  TnMe  XTTf.) 

The  relation  of  the  26  earthquakes  to  the  pliases  of  the  tide, 
was  as  follows: — 

(«)    11  cx-cunx'il  with  tlie  liigli  tide ; 
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(/*)    1-i  tK-ciuTecl  with  the  low  tide  ; 

(c)     '.i     „        between  the  high  and  low  tides. 

Again  of  the  earthquakes  of  (a)  and  (fr),  17  occurred  after, 
and  6  occurred  before,  the  low  or  high  water.  TaJdng  the  average 
from  the  cases  of  these  23  earthquakes,  the  latter  followed  the 
high  or  low  water  by  a  mean  interval  of  31  minutes. 

Karthquakcii  of  Inland  Oi-it/in,  (ironp  V.  The  eartluiuakes 
of  Group  V  origiuateil  in  tlio  extensive  quarternaiy  tracts,  wliich 
comprise  tlie  province  of  Shimosa,  the  vicinity  of  the  Kasumiga- 
ura  (Hitachi),  the  eastern  part  of  the  province  of  Moaashi,  and  a 
portion  of  Eazusa.  The  positions  of  the  .origins  of  aome  of  these 
earthquakes,  all  inferred  from  the  area  of  diatorbanoe  and  the 
isoseismal  lines,  are  uncertain,  and  were  possibly  off  the  Pacific 
coast  of  the  Awa-Ka/usa  peninsula. 

In  the  diurnal  distribution,  the  eartliquakes  of  (irouj)  V  do 
not  show  the  same  characteristic  as  those  of  (iroups  I  to  IV,  but 
are  similar  to  the  submarine  disturbances  of  Groups  YI  to  X. 
Out  of  the  39  earthquakes,  21  occurred  with  the  high  water,  15 
with  the  low  water,  and  the  remainiug  2  between  the  high  and 
low  waters.  Again,  23  of  these  earthquakes  took  place  he/ore, 
and  1">  ftftei\  the  liij^li  or  low  water. 

Earthquakes  of  Submarine  Oritjin.  Tlie  HO  earthquakes  of 
(iroups  VI  to  X  originatefl  off  the  Pacific  coasts  of  the  provinces 
of  Hitachi,  Shimosa,  and  Sagami,  and  of  the  Awa*Kaznsa  peninsula, 
or  in  the  Toky^o  Bay.  The  following  table  gives  the  hourly 
frequency  of  these  earthquakes  taken  conjointly  with  those  of 
Group  \\  as  well  as  that  of  the  inland  shocks,  Groups  I  to  IV. 
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i\  Omaci : 


TABIS  Xm— DIDRMAXi  ▼ARXA.TIOH  OP  SHB 
BAmaQVAXBS  OP  OXODFS  Z  to  Z. 


A.M. 

P.V. 

Hour. 

(a)  Eqkee  of 
Oloapi  I  to  IV. 
{faboA  Oiig^ak.) 

{h)  Eilken  of 
OKHipB  T  to  X. 

<a)  Eqk«  g( 
Groaps  I  lo  XV. 
(InlukI  Oi^Biii.) 

(h)  Eqken  of 
Onops  V  to  X. 

n  1 

0  \ 

<;  \ 

0 

5  \ 

1 

4 

1 

5 

2—  3 

3—  4 

4 

3 

^  14 

4 
4 

28 

3 
2 

10 

6 
2 

4-5 

4 

4 

1 

1 

5—6 

3. 

a  J 

6. 

6—7 

0  1 

5  1 

0  ^ 

7 

7-8 

1 

5 

0 

(i 

8—  9 

9—  10 

0 

0 

1 

10 
(» 

1.  35 

1 

0 

k  1 

2 
11 

88 

10—11 

0 

5 

(1 

1 

11—12 

0 

I'  J 

5  - 

Ab  will  be  seen  from  the  above  table,  the  earthquakes  of  the 
sabmarine  and  coast  origms,  namely,  thoee  of  Gronps  V  to  X, 

show  a  tendency  of  occun'ing  mcue  frequently  Ikitween  <!  and  1  _ 
am.,  and  l>et\veen  6  and  12  i>ni.,  tlian  durinj^  the.  earlier  iiour.s 
both  iu  the  forenoon  and  afternoou.  Tliis  is  approximately  the 
I'everse  of  the  order  of  oocurrence  of  the  maxima  in  the  diurnal 
variation  of  the  earthquakes  of  inland  origin,  Gronpa  I  to  TV. 

Of  the  80  submarine  earthquakes  of  Groups  YI  to  X,  33  each 
occurred  with  the  high  and  low  waters,  while  the  remaining  14 
occurred  between  these  two  phases  of  the  tide.  Again,  20  of  iho, 
eartlujuakes  oeeurml  ajter,  and  38  bejore,  the  times  of  the  high 
or  low  water. 
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VUKLYVa 

or  OF  THE 

BARTHQI 

VAKBB. 

O-fi  A.M.  ana  0-6  P.M. 

Cr  VI  A.M.  and  G  12  P.M. 

Ocigiu. 

With  High 
Water. 

Water. 

Between 
High  and 
liow  Wnttts. 

With  Jligh 
Wuter, 

Witli  Ix)*- 
Water. 

Between 
High  and 
Lov  WntecK. 

lulaiul.  \ 
(•v.mv>  I-IV.  1 

9 

18 

3 

9 

0 

0 

Kluinum,  etc  1 
Omnp  V.  J 

9 

8 

0 

'  7 

3 

Submnrinc.  \ 
Gnaps  VI-X.  / 

15 

* 

9D 

n 

IS 

14 

From  Table  XIV,  it  will  bo  observed  that  the  16  submarine 

antl  coast  eartln]uak(}s  of  Group.s  X-X,  whoso  times  of  occuiTonco 
woi'o  lietwoen  flios*  of  tbo  higlj  and  low  wmt^rt*  of  tlie  tide,  hap- 
pened exclusively  betwocii  G  and  12  am.  and  betwpcu  6  and  12 
pm.,  namely,  as  follows : — 


pni. 

9" 

29'" 

pm. 

(J  41 

;mi. 

9 

30 

pm. 

(I  51 

piu. 

9 

pm. 

fj  51 

pm. 

9 

59 

nm. 

7  48 

pm. 

10 

il 

am. 

S  01 

am. 

10 

IS 

am. 

8  59 

am. 

10 

54 

am. 

0  05 

anu 

11 

54 

pm. 

Takiu;j;  the  average  of  these  times  of  occurrence,  ii  icsjtective  of 
their  being  antemeridian  or  j)0>tJii(  i  iilian,  we  obtain  tlic  vahie 
oJl  Hh  58in,  or  about  Oli  am.  and  Oh  pm.  These  hours,  which 
conrespond  to  those  of  the  barometric  maxima  in  the  diurnal 
Yariation,  may  be  taken  as  giving  the  probable  time  when  a 
strong  earthquake,  in  the  I'ogion  under  consideration,  is  to  take 
place  intoimediate  between  the  high  and  low  water  epochs. 
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Diuinal  Variatioti  of  the  Seismic  Frequency  in  rdaHon  to  the 
P/iases  of  the  Tide*  Table  XV  gives  the  diurnal  variatioiis  of 
the  earthquakes  occurring  with  the  high  Tvater  and  the  low 
water,  and  between  these  two,  the  Groups  I  to  X  being  taken 


together. 


m  RBLATION  TO 


OP  THB  fiBIBMK!  FBBQOEIKnr 
OP  THB  TUB. 


Hour. 


Eni*ili(]U>iko8  occtu'riug 


0—  1  AM. 

H— 4 

4—  6 

5—  ^ 

«— 7  AM. 

7— H 
H  9 
9—10 

10-  11 

11— 12 

0  1  PM. 

1—  -2 

3—4 

1  r, 

o— 0 

6— 7  PM. 

7—  8 

8— 9 

9—  10 

10  n 

11  1-2 


with  High  Wttter.  with  Low  Water, 


•Sum. 


20 


18 


11 


Id 


64 


between  High  and 
Low  Waters. 


3 


8 


19 
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Thus  the  earthquakes  covresponding  to  the  low  water  oocurred 

twice  as  frcfiiiently  between  0  and  6  am.  and  between  0  and  6 
pin.,  as  during  tlie  lemaiiiing  hours.  On  the  other  Imnd,  the 
cni-thqiiakes  corresponding  to  the  high  water  and  the  itiM  lie  oi 
tho  high  and  low  waters,  occurred  not  less  or  more  froquoutly 
between  6  and  12  am.  and  between  0  and  12  pm.,  than  during 
tho  other  hours.  It  thus  seems  that,  on  tho  whole,  the  moderate 
earthquakes  shaking  the  vicmity  of  Tolqro  tend  to  occur  more 
frequently  with  the  minimum  barometric  pressure  and  the  low 
tide,  as  well  as  with  the  maximum  barometric  pressure  and  the 
high  tide.  This  is  in  accordance  with  one  of  the  principles  ex- 
plained in  §  4. 

14.  Concktsian,  The  results  obtained  in  the  foregoing  §§, 
which  are  only  fragmentary  notes  on  the  secondary  seismic  causes, 
show  nevertheless  that  these  latter  play  a  very  important  part 

in  the  distribution  of  earthquakes  during  tho  day,  the  year,  the 
lunar  dny.  etc.  As  these  secondary  caiist's  probably  dotermino 
the  ultimate  moment  when  a  loiijj:-('oiitimie<l  underground  .stress 
;xives  rise  to  a  sudden  distm-bances,  tlieir  careful  study  will  be, 
in  conjunction  with  the  observation  on  the  fore-shockt  (see  the 
preceding  article),  and  the  investigation  on  earHtquake  zones,  of 
help  in  approximately  predicting  under  favorable  carcumstances 
the  earthquakes  Hkely  to  hap{)en  in  a  given  district.  For  an 
illustnitive  examiile  in  this  connt^rtion,  I  may  refer  the  reader 
to  my  prehminary  note  on  the  Ibrraosa  eartliquake  of  March  17, 
lOOfi  (the  Bulletin,  Vol.  I,  No.  2).  The  periodicity  of  eartluiuakes, 
other  than  the  diurnal  and  the  annual,  also  jnrobably  depends  to 
a  great  extent  on  the  secondary  causes. 
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On  the  Destructive  Earthquakes  in  the  Shinano-gawa 
Valley  and  those  along  the  Japan  Sea  Ck)ast. 

By 

F.  OMORI,  Se.  D., 
Member  of  the  Imperial  Earthquake  luvestigatioa  Committee. 

WlUi  Pb.  XXIX.-XXXL 


CONTENTS. 

S  1.  Eaitbqtinltes  in  tbe  Shimuio^ira  VnlJey. 

§  2.  Z«!nkoji  T'littlnnuiki'  <,f  1R47. 

§  3.  Faqjo  (EchigQ)  Earttx^uake. 

I  4.  Vxm  And  Sndo  Eatthquke. 

§  5.  KcLition  t>f  /fukiiji  E:irth(|unkc  to  the  two  othen. 

$  <}.  Bekitian  between  the  fonnnr  deatmctiTe  aoA  tbe  noent 

■trong  miChqaakN  in  tlw  tUmma-gam  Volley. 

I  7.  DeatnietiTe  enxthqnnhnt  along  Oia  Aipin  Sen  ooMt. 

1.  :Earthquttke»  in  the  Sttinnno-ffatva  vaUey,  The  Zeiikoji 
eaill»iuuko  uf  1847  and  the  S;uij(»  cartliqiinkc'  of  1828  were  t\VL> 
gtxiut  historical  shocks  which  occurml  hi  tlio  fcJhiiuuio-'/af/a  valley. 
I  givc^  next  a  short  account  of  these  tlistnrbances  and  also  of  the 
SadO'Uzen  earthquake  of  1833,  whose  origin  was  in  the  Japan  Sea. 

ft*  Zenkcs^i  earthgiutOse  of  1847*  (See  Fig.  1.)  The  great 
disturbance  in  the  4th  year  of  Koka,  generally  known  as  the 
/enkoji  Earthquake,  took  place  on  May  8,  1847,  at  about  0  pm., 
and  was  one  of  the  iiii>>f  viol<'nl  nhocks  which  ever  occurred  in 
Japan,  the  total  number  of  thu  killed  being  not  U^ss  than  8,G0(>. 
Tho  region  of  destructive  motion  of  the  earthquake,  wliich  shook 
strongly  the  nortliem  part  of  the  province  of  Shinano,  and  a 
portion  of  tho  province  of  Echigo,  strctclied  from  a  place  some 
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5  km  to  ihi!  east  of  the  city  of  Takata,  on  the  north,  to  tho 
vicioity  of  the  towa  of  Matsumoto,  on  the  aoatb.  The  area,  which 
was  about  2,100  sq.  km,  ndth  an  average  width  of  about  38  km, 
ran  in  a  SWS<NEN  direction  for  a  distance  of  110  km,  along  the 
main  cottrse  of  the  Shinano>^tm  and  ita  tributary,  the  ^Ai^gmra. 
On  the  south-east,  it  extended  along  tlie  Cliikuma-f/(/ir«,  another 
tiibutarv  of  the  8hiiiano-</rtjr<)f,  to  the  vicinity  of  the  town  of  Ueda  ; 
while,  on  the  north-east,  it  reached  abuost  to  tlic  boundary  of 
the  province  of  Shinano  and  the  Naka-Uonuma  and  Higashi>Knbiki 
counties  of  Echigo. 

The  protuberance  of  the  area  in  question  on  the  north  was 
probably  due  to  the  softness  of  the  alluvial  formation  of  the  plain 
of  Takata.  The  damaj^e  ^v!ls,  on  tlic  otlicr  hantl,  comparatively 
li«,dit  in  the  mountainous  iei:ion  lu'tweeu  Matsumoto  and  Ueda, 
purtly  on  account  of  the  scarcitv-  of  population. 

The  r^ion,  within  which  the  greatest  amount  of  damage 
was  done,  was  about  480  sq.  km  in  area,  with  an  average  width 
of  10  km,  and  extended  for  a  distance  of  about  50  km  from  the 
vicinity  of  liyama  on  tho  north-east,  to  Shinmachi  on  the  south- 
west, also  brancliin;::  out  to  the  town  of  Inariyania  uji  tlie  south. 
This  area,  whicli  was  hituated  almost  euthcly  on  the  went  pide 
of  the  Shinano-r/ffT/f  and  Hn'i-ficnra,  was  made  up  mostly  of  tertiary 
and  volcanic  foiTuaiions,  and  included  amongst  others,  the  follow- 
ing towns  and  villages : — 


Nagano  Almost  eutiif  ly  doBtrojed. 

Inariyama  500  people  kiileil, 

Shioaaki-iiiuxa.  1,400  (out  of  1/;(H)}  hoiises  destcoyed. 

Miu-e  Almost  entiidj  deskoyed. 

O-koma.   Do. 

Kojiri  83  hovnaes  destipjod. 
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The  central  axis  of  the  area  of  the  greatest  damage  extended 
fiom  a  little  west  of  liyania,  tluuugh  the  vicinity  of  Mure,  to  the 
valley  tract  of  the  ^i-gawa  at  some  dlstauce  to  the  soutli'west 
of  Nagano. 

The  dty  of  Nagano  suffered  very  severely,  and  was  almost 
entirely  destroyed  by  the  shock  and  the  .subsequent  fires ;  the 
number  of  the  houses  overthrown  being,  in  the  town  or  business 

(juartors  alone,  2350,  of  which  2194  weie  burnt.  In  Nagano  and 
the  suburbs,  there  were  altogi'tlier  2,452  bouses  dcsti-oyed  by  lire, 
tlieie  l)eing  only  191  liouses  which  escaped  both  shock  and  liame. 
The  number  of  the  killed,  which  could  be  ascertained,  was  about 
2,400 ;  this  heavy  amount  of  casualty  being,  in  a  great  measure, 
due  to  the  fact  tliat  the  disastrous  earUiquake  took  place  when 
multitude  of  people  from  diflbrent  parts  of  the  country  were  staying 
at  Nagano,  to  attend  the  religious  festivals  held  at  the  Zenkoji. 
The  lattiT,  which  is  one  of  the  most  sacred  P>ii(Uiliist  temples  in 
.Tai>an.  received  no  material  damage  from  the  earthquake,  altliough 
the  huge  wooden  structure  must  have  been  shaken  tremendously, 
as  was  indicated  by  the  throwing  down  of  a  heavy  bronse  bell, 
about  2.6  feet  in  diameter  and  3.6  feet  in  height*  hung  in  the 
front  verandah,  fig.  3  shows  the  lower  portion  of  the  bell  and 
the  scar  made  on  the  comer  post  by  the  impact  of  the  latter ; 
while  Fig.  2  gives  a  front  view  of  the  temple,  which  is  in  tin; 
same  condition  as  ]3e£ore  the  great  earth(juake  of  1847.  Both  of 
these  pictures  liave  been  taken  in  1908. 

A  special  feature  of  the  Zenkoji  earthquake  was  the  occur* 
I'ence,  among  the  mountains  of  tertiary  formations,  of  landslips 
whose  number  was  not  less  than  44,000.  Amongst  others,  the 
soutliem  side  of  Mount  Iwakura,  which  is  on  the  Sa\-ga(('a,  at  a 
distance  of  al)Out  12  km  to  the  WSW  of  Nagano,  was  destroyed, 
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lYjsiiUing  in  two  gigantic  landslips  which  completely  blocked 
tho  course  of  the  above-named  river  for  20  days,  and  formed  a 
lake  34  km  in  length  and  1  to  4.3  km  in  width.  The  water 
finally  broke  the  two  enormons  dams,  and  flooded  over  the  regions 

along  tlie  SeLi-gawa  and  Shinano-r/rt/rn,  sweeping  away  a  large 
number  of  the  liouses  which  escaped  the  destruction  from  tho 
shock.  The  loss  of  human  lives  was,  liowever,  small,  as  due 
preparations  had  previously  been  taken  to  meet  the  emergency. 

8.  Samfo  iJBehi^y  earthquake.  The  Sanjo  earthquake 
took  place  on  Dec.  18,  1B38,  at  aboat  B  am.  The  area  of  destraC' 
live  motion  was  an  ellipse,  50x17  km,  along  the  lower  course  of 
the  Sliinano-./fj/ra ;  tlio  most  central  ixjint  of  tlie  nieizuseismal 
vegii)ii  being  between  tlie  luwns  of  Sanjo  aiul  imamachi,  at  abont 
V'=:37''  3.3'  /.=:138'  50'  K.  (Soe  Fig.  1.)  The  total  amount  of  the 
casualties  was  1,443  killed  and  1,749  wounded,  while  the  numbers 
of  tlie  houses  entirely  and  partially  destroyed  were  9,808  and 
7,276  respectively,  beside  the  1,204  burnt.  Among  the  towns 
severely  affected  were  Banjo,  Imamachi,  Mitsnke,  Yoita,  Tsubame, 
nnd  Nngaoka,  the  first  four  having  been  almost  entirely  destroyed 
by  tlie  shoek  and  the  subsequent  fires. 

4.  Vxen  ami  Sado  eart7iqurth  e.  The  eaithquake  of  Doe. 
7,  1833  (4th  year  of  Tenpo),  at  about  4  pm.,  was  destructive  in 
tho  island  of  Sado  and  along  the  coast  districts  of  the  province 
of  Uzen.  Tho  amoinit  of  the  casualties  was  comparatively  slight, 
the  loss  of  lives  being  about  38,  in  Uson,  due  to  the  hnnami^  or 
titlal  waves,  which  followed  the  eartlK^uuke.  The  centre  of  tho 
latter  was  sidaiiariue,  its  a])proximate  ix)stiou  being  ^=38  30'  N, 
i  =  130  10'  E.  (See  Fig.  1.) 

5.  M^^ation  Qf  the  Zenlutfi  earthquake  to  the  two  otherom 
The  Han  jo  cai'thquake  took  place  18  years  o  mouths  earlier  than 
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tlie  Zeiikoji  earthquake,  the  meiaoseismal  stones  of  these  two  shocks 
rannmg  in  nearly  the  same  direction*  namely,  N40°£-S40^W. 
Farther,  the  northeni  prolongation  of  the  line  connecting  the  centres 
of  the  two  disturbances  passes  approximately  througli  that  of 

the  Hado-Uzen  earthquake.  It  is  extremely  probable  that  these 
tliicc  large  earthquakes  belonged  to  one  and  the  same  system, 
namely,  the  seismic  zone  formed  by  the  yhinaiio-^aicrt  valiey  uud 
its  northern  prolongation.  Apparently  the  stress  reached  a  maxi- 
mum limit  along  the  whole  extension  of  tliis  zone,  so  that  the 
8anjo  eartliqnake  occurred  first  at  the  middle,  followed  5  years 
later  by  the  Sado-Uzen  earthquake  to  the  NEN,  and  again  IS 
years  5  mouths  later  by  the  Zenkoji  earthquake  to  the  SW ; 
the  two  Mictes.sive  distances  of  thv  centres  of  the  three  earth- 
quakes being  each  equal  to  nliout  llu  km. 

6.  delation  between  the  former  destructive  and  the  recent 
strong  earthqnakee  in  the  Shinano-gawa  vaUey,  As  discussed 
in  the  Bulletin,  Vol.  I,  No.  3,  there  were  five  strong  semi-destruc- 
tive earthquakes,  which  occurred  along  the  Shinano-^air«r,  r^pec- 
tively  ill  the  years  188G,  1887,  1890.  1897,  and  1899.  The  lino 
eimnecting  their  centres  has  been  taken  as  defining  a  seismic 
/.one,  wliich  extends  from  tlie  Koshi  county  in  Echigo  in  the  8\\' 
direction  to  tlie  vicinity  of  Nagano,  thence  turning  towards  tlie 
south  to  the  vicinity  of  the  lake  of  Suwa.  The  approximate 
positions  of  the  c^tres  of  these  five  earthquakes  are  indicated 
by  the  numerals  1,  2,  3,  4,  and  5,  in  Fig.  I.  From  the  latter, 
it  will  be  obsencd  that  the  zone  of  tho  recent  strong  shocks  is 
ill  leality  identical  wiUi  that  of  tlie  liistorical  dcstructixe  oailh- 
quakus.  Further,  the  recent  disturbances,  Nos.  1  to  5,  originated 
along  the  zone  in  question  at  those  points,  which  are  outaide  the 
area  of  destructive  motion  of  the  Sanjo  earthquake  and  the  meizo* 
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fidsmal  region  of  the  Zeakoji  earthquake.  This  fact  is  fully  in 
accordance  with  the  principle  that  great  seismic  shocks  never 
occur  at  one  and  the  same  centre, 

7.  J>esirueii»e  earftiquaiks  aUtng  the  Japan  8ea  eoaat. 

The  following  is  the  list  of  the  larger  destmctive  earthquakes,* 

which  liapponed  w  ithiii  tho  last  2^  centuries,  on  or  ofl"  the  Japan 
Sea  coast  and  along  the  Sliiuano-yaica  zone : — 

1.  NosluTo  Eqke  (provinoe  of  TJgo) ;  Jane  19,  1694,  at  7  A.H. 

2.  Iiiaba,  Hoki,  and  Mimaflftka  Eqke;  March  19,  1711. 

3.  Sado  and  Noto  Eqke ;  Ang.  1,  1729.    Accompanied  hy  ts»nn)in. 

4.  Tak.iia  Et(k6  (province  of  Echigo) ;  May  21,  1751,  at  2  A.M. 
6.  Ilii.jmki  Eqke  (    „      '  „  Mutsu) ;  Maich  8,  llGG,  at  0  P.M. 

6.  Xagii  Eijke  ;  June  29,  179D.    Accompanied  by  Isitmtmi. 

7.  Ogi  Etjko  (Tslaiul  of  Ssdo);  Dec.  9,  1802,  at  2  P.M. 

8.  Kiaagatji  iAjko  (provinces  of  Uzen  and  Ugo);  July  I'd,  ld(M,  at 
10  P.M. 

9.  San  jo  l^<|ke  (Rcliigo);  Dec.  18,  1828,  at  8  A.M. 

10.  Sado  and  Uzen  E<|ke;  Dec.  7*  1833,  at  4  P.M.   Accompanied  by 

tftiimmi. 

11.  Zenkoji  E(ike  (Shinano  and  Ecliigo) ;  May  8,  1847,  at  9  P.M. 

12.  Ilaniada  Fqke  (Iwaroi) ;  .VTarch  14,  1872,  in  the  evenings 
ly.  Noto  Fxikes;  Dec.  9  and  11,  1892. 

14.  .Sakata  £qko  (Uzen  and  Ugo);  Oct.  2^  1894,  at  5  P.M. 

Of  tlio  alx)v('  14  eartlniuaki  s,  Nos.  1,  4,  r>,  H,  9,  10,  11,  12, 
and  14  were  much  larger  1 1 uin  the  remaining  live.  Again,  the  live 
earthquakes  of  Nos.  1,  6,  9,  11,  and  14  originated  inland,  wliile 
the  7  others,  namely,  Nos.  3«  4,  6,  7,  10,  12,  and  13,  originated 
under  the  Japan  Sea.  The  origins  of  the  two  remaining  earth* 
qoakes,  Nos.  2  and  8,  were  prohahly  also  submarine.   The  relative 
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lx>sitioiis  oi"  the  origins  of  the  diflerent  earthquakes  are  diagra- 
matically  illustrated  in  Fig.  4,  (PI.  XXXI.) 

The  14  earthqaakes  tabulated  above  may  be  divided,  bo  for  as 
their  time  dlBtribution  is  conoemed,  into  the  followiiig  5  groups : — 


Group  I. 

Ycnr 

Nu.  1. 

1G9I 

No.  2. 

T)i<xba,  Tloki,  and  !MimaaakA  Kqke.  . 

.  1711 

No.  3. 

1729 

No.  4. 

1751 

No.  5. 

Infervul 
..if 

..18 
..22 
..U 


.3 
.2 


Group  II. 

Na  6.   Kaga  Eqke.   1799. 

Ka7.  Ogi        „    1802} 

Nad.   Eisagaea„    iW' 

Group  IIL 

No.  9.  San  jo  Eqke.   1628.  g 

Ka  10.   Sado  and  Usea  Eqln.  . .  ..  183Sj 

Na  11.  Zenkoji  Eqke.   1847'"" 

Group  IV.  ' 

No.  12.    Hainatla  Eqke   1872 

Group  V. 

No.  i:{.    Noto  Eqke   1H02<  g 

No.  14.   Sakata   ,   1894^  '  *  . 


The  five  earthquakes   in  1   occurred   witli   ii   ti  thin  Me 

reguiarit}',  the  average  interval  being  18  yearss.  Oa  the  otlier 
hand,  tlie  tiiree  earthquakes  in  Group  II  as  well  as  the  tlu-ee  in 
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(•imip  ITT  occurred  at  short  intervals  rdii;,nng  from  2  to  14  years; 
while  the  interval  between  the  1st  earthquake  of  Group  II  and 
the  last  of  Group  I  ivas  33  years,  and  that  between  the  Ist  earth* 
quake  of  Group  m  and  the  last  of  Group  n  was  24  years.  Agaui» 
the  time  interval  between  the  earthquake  of  Group  IV  and  the 
last  one  of  Group  III  was  25  years.  These  fincts  seem  to  fayonr 
the  supposition  that  the  three  earthquakes  of  Sanjo,  Sado-U/eii,  and 
Zenkoji  refilly  helongcd  to  one  aud  the  same  seismic  zone  both 
ji;eographically  and  in  time  distribution,  as  explained  in  §  6.  All 
the  other  earthquakes,  with  the  exoeption  of  the  Sakata  earth' 
quake,  bdonged  to  the  Inner  Seismic  Zone,  which  runs  nearly 
parallel  to  the  concave  side  of  the  Jaiianese  islands.^  The  Sakata 
earthquake  probably  belonged  to  anc^blier  8yBtem.t 


*  See  the  "  Balietiu  ot  the  Imp.  Eartlu|unke  Inv.  Com.",  Vul.  £,  Nu.  *^ 
%  lha  Bdntlp,  VOmVt  md  BMUmlie  «MflM|iiiiliM  linire  heea  nUy  itiidiail  bj 
Kohv  YumMMiH  and  Tmawnm,  faapeodT^jr. 
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Note  on  the  Relation  to  the  Epicentral  Distance  of 
the  Duration  of  the  PreUminary  Tremor  of 
the  Earthquake  Motion  of  nda^^^Origin. 

By 

F.  OMOKI,  8('.  U., 
Member  of  the  Ijnpeiial  EwUiqiiAke  LiTwtigation  Goounittee. 


In  the  Jour.  Sc.  Coll..  Tokyo  Imp.  Univ.,  Vol.  XL  (1899),  1 
have  given,  for  the  raktioo  between  the  duration  {—y)  of  the 
preliminary  tremor  at  an  observing  place  and  the  epicentral 
distance  (=a;)  of  the  latter,  the  following  equation : — 

km  MC  km 

X  =  my +  24.9  (1) 

This  ecjuation  was,  in  the  Pnblicatims  of  the  Kavtlujuake  Investiga- 
tion Committee,  No.  13  (1903),  slightly  modified  into  the  following 
form : — 

km  two  km 

m  =  7.27y  +  38  (2) 

Both  of  these  equations,  wliich  have  been  deduced  from  the  obsen'a- 
tions  of  tlio  cartliquakes  of  ^  less  than  1 ,000  km  and,  with  a  few 
exceptions,  gi  eatci"  tliau  150  km,  can  not  bo  apphed  to  the  cases 
of  very  near  shocks,  say,  of  x  less  than  100  km.  With  a  view 
of  obtaining  a  provisionary  formula  for  the  cases  of  smaller  I 
have  examined  some  of  tlie  seismograms  obtained  at  the  five 
Formosan  meteorological  observatories  of  Taihoku,  Taichn,  Tainan, 
Taito,  and  Hokoto  ;  the  results  being  briefly  stated  in  the  following 
panigraph. 
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The  earthquakes  taken  into  ennsideration  were  the  four  desti  iic- 
tivo  shocks  in  the  years  1904  and  1900,*  which  I  have  specially 
studied  and  the  positions  of  whose  origins  may  be  supposed  to  be 
fairly  accurate.  The  obBervations  were  made  with  Omori  hor- 
izontal pendulums  of  6  to  10  tunes  magnifications.  The  following 
table  gives  for  each  oi  the  4  shocks,  the  date  and  position  of  the 
origin  of  disturbance,  and  the  epicentral  tlistances  and  the  dura- 
tions of  the  preliminary  tremor  at  the  different  stations. 


70BM0BA,  llASTHQn.ASBB. 


Date  of  Eqke. 

Station. 

Dumtion  of 
PnL  IVcmotr 
=y  me. 

Actual  Epicen- 
tral Distance 

Position  of  the 
Origin  of 
Diatmliknoe;. 

April     34. 1904. 

Taihoka 
Taichu 
I^to 
Hokoto 

28.7 
11.4 
1%S 
12.7 

221 
98 
98 
90 

r;.=120O24'E 

Novembei-  6, 1901. 

Taihoku 

Taiclm 
Tainxiu 
Taito 
Hbkoto 

28.8 
11.2 

8.3 
15.5 

9.0 

202 
76 
64 

117 
85 

Mamb  17»190a. 

Taihoku 
Taichu 
Tiuiuui 
Hokoto 

27.G 
9.0 
8.7 

11.5 

188 
65 
75 

101 

23°35'N 
ta»120»32'£ 

Apira     14, 190G. 

Taihoku 
Taichu 
Tainan 
Hbkoto 

:mi 

12.0 

ae 

13.0 

210 
88 
53 
98 

l<p=  23»2o'N 
U=120°30'E 

•  See  Om  "Bnlletin  of  flie  Jjnpeiwl  Enidiaiwke  Irt.  Cam..'*  Yd.  I.  Ko.  S. 
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Armugiiig  the  epiceiitnil  distances,  which  varit'd  bctwoen  53  and 
221  km,  and  dividing  Uie^e  oouveniently  into  4  groups,  we  obtain : — 


X  (actnal) 

V 

./•  calcnlatetl 
l>v  tHfinfltion 

221  km 

28.7  sec. 

202 

28.8 

IRS 

27.5 

Jfean....  205   

 ...2a9  

 206 

117 

101 

llu» 

98 

18.0 

11.4 

98 

12.8 

 12^  

90 

12.7 

88 

12.0 

85 

9.0 

76 

11.2 

7 

Mean  8S  

8.7 

 81 

65 

9.0 

64 

8.3 

53 

The  relation  between  the  mean  values  of  the  opieentral  (iistance 
and  the  duration  of  the  preiiniinary  tremor  given  in  the  preceding 
table  is  graphically  shown  in  the  accompanying  figure  (PI.  XXXII). 
Assmnrng  a  Imear  equatioa  between  x  and  y  and  determining 
the  oonstanis  from  the  fom*  sets  of  the  mean  values  of  x  and  y, 
we  obtain : — 

a*"  —  C.86       +  8.1"""  (3) 
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Ihe  figures  given  in  the  last  column  of  the  preceding  table,  which 
hax&  been  calculated  by  this  equation,  agree  closely  with  the 
actual  distances. 

Equation  (3).  wliich  may  bo  used  under  the  ccmditions 

50  km  <  a;  <  About  200  km, 

seems  to  be  more  convenient  for  the  cases  oi  near  earthquakes 
than  Equation  (1)  or  Xlquation  (2) ;  the  distances  (^culated  by 

tlic  two  last  cquatious  being,  for  a  small  value  of  ^,  generally 
larger  than  the  corresponding  actual  .r. 
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Earthquake  Bistrilnitions  in  Formosa. 

By 

F.  OMOBI,  Sc.  D., 
M«mber  of  tiie  ^pwial  Earthquake  LivesligEtaoB  Committee. 

with  m  icgxiii  moA mmv. 


CONTEMTSw 

{  1.  AitoodaoHoii. 

S  2.    EarUM{njike  freqiietu  y  in  \Wt. 

§  3.    Kftrtliquiiko  fn'.nu  ui->  in  ILKH- 1907. 

1,  Introduction,  The  meteorological  observatory  of  Taihoka 
was  first  opened  on  Aug.  11,  1896,  and  the  six  other  observatories 
of  Taichu,  T^an,  Taitov  Koshnn,  Hokoto  and  Keeliing,  were 
established  in  the  course  of  the  next  five  years,  namely,  between 

1897  and  1!)01.  The  yoarJy  lumibers  of  sensible  earthquakes 
recorded  ut  thest'  so\cm  stations,  wliicli  ai-e  now  luriiialied  with 
seismological  iustrunieuts,  were  as  Mlows : — 


* 

TAKS  Z— TBARLT  mmBBBB  OS*  BBUBIBliB  BAIISnQUAKBS 
SBOOBSEID  AT  VBB  MFFBRBIIT  MBfSOBOLOOXCAlf 
<»aBRTATOIUaB  X*  FORMOSA. 


Statiuu. 

Tnlhoka. 

Tuchn. 

Tainan. 

Taibx 

Kadniig. 

1806 
1807 

7 

S 

9 

1 

1808 

IT 

5 

4 

8 

2 

1800 

9 

10 

4 

5 

3 

180O 

5 

3 

4 

1 

a 
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TABLE  I.  (Com.) 


Yew. 
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4 

8 

3 
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7 
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9 

8 

4 

6 

5 
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12 

M 

8 

32 

3 

4 

5 
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3l« 
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19* 

4 

iua7 

11 

10 

11 

6 

6 

10 

6 

Ifeon. 

m 

0^ 

8J 

UO 

41.9 

40 

M 

The  lai-ge  yearly  ntimbor  for  Taito  in  1903  was  due  to  the 
after-shocks  of  the  strong  earthquake  of  Sep.  7  of  the  same  year. 
Similarly,  tlie  high  seismic  frequency  in  1906  for  the  different 
stations,  except  Taihoku  and  Keelung,  wei-e  due  to  the  after- 

shocks  of  the  dostrnctive  earthquakes  of  Mai-ch  17th  and  April 
14th  in  that  vear.  Tliesc  iiiiinlH  is.  each  marked  in  the  above 
table  by  an  asterisk,  liavo  been  excluded  in  dt^ducin<^  the  average 
values,  which  may  \hi  regarded  us  approximately  giving  the  h'e- 
quenci^  of  the  sensible  seismic  distui'bances  in  the  ordinary 
year  for  the  seven  meteoroiogieal  observatories  in  question.  It 
will  be  noticed  that  this  frequency  was  about  10,  namely,  8.8  to 
12.0  for  Taichii,  Taito,  Taihoku,  and  Tainan,  but  smaller  and 
C(pial  to  about  4  for  Koshun  and  liukoto,  and  "».,"•  Imi-  Koolnng. 

The  earth(iuake  numbers,  as  above  described,  give,  however, 
no  adequate  id^  of  the  earthquake  distribution  for  the  whole  of 
tlie  Island.  In  fiact  the  greatest  seismic  activity  is  displayed  in 
regions  at  some  distances  from  the  differont  meteorological  obser^'a* 
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torioj^,  namely  : — (1),  in  tlie  vicinity  of  the  city  of  Kagi,  wliich 
is  situatcvl  in  the  south-western  part  of  Formosji  and  midway 
between  Taichu  and  Tainan ;  and,  (2),  at  tlie  centaul  and  northern 
parts  of  the  eastern  coast  and  at  the  veiy  sonthem  extremaity  of 
the  Island.  Great  credit  is  due  to  Mr.  H.  Kondo,  THrcctor-general 
of  the  Formosa  meteorological  observatories,  vrho  institated  in 
1907  a  «i<  iieial  system  of  the  observation  of  tiie  precipitation  by 
establisliiii*^  in  dilHrunt  ijuifs  of  the  Island  nearly  80  stations 
furnished  with  raiii-^niitrps.  Each  of  tiiesc  stations  sends  in 
i^egulariy  to  the  Meteoi-ological  Observatory  of  Taihoku  the  monthly 
weather  r^ort,  giving  amongst  othera  the  notices  of  the  cartli> 
quakes  felt  T)ie  following  table,  compiled  from  these  materials, 
indicates  the  iinmbers  of  the  sensible  shocks  in  different  parts  of 
Fonnosa  durini^  the  four  years  from  1004  to  1907. 

TABUI  n.-TBABIi7  WtUMBSBB  OF  SAlWBQVAKBfl  FBLT  AT  TOB 
DXFFBRBMT  MBTBOROLOQICaii  OBBBRTAXORIBB  AMD 
VLABBtJaMiaB  STATXOmi  XN  FOBM OCUL 

1904  1907. 
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TABL-E  II.  ((\,nt.) 
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TABLE  II.  (Conf.J 
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2.  JCarthquii/.e  /rct/netu'fj  in  1UU4.  The  seismic  frocnioncy 
during  tlic  year  1004  at  tlic  dillerent  places  in  Formosa  is  shown 
in  Fig.  1  (PI.  XXXIII).  From  the  latter  there  aro  seen  to  be 
four  principal  regions  of  seiamic  activity*  as  follows : — 

(a)   A  nearly  north-aonfh  zone,  extending  in  the  Bonth-vestern  part 

from  tho  viciuity  of  Shnto  and  Toroku  to  tliat  of  Bansliorjo, 
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(h)    Vicinity  of  (iirau,  near  the  northern  end  of  the  enstem  coast, 
(r)    Tli-^  eastsrn  const,  betwoon  Kturenko  and  Seiko-o. 
.{d)  A  limited  portion  abontCape  Garanbi  at  the  aoatharn  utzmnitjr 
of  the  Island. 

Although  Fig.  1  is  a  map  sliowing  the  seismic  frcqiienc}^  and 
therefore  docs  not  necessarily  indicates  ihQ  distribution  of  tlic 
origins  of  disturbances,  the  zone  (a)  soems  on  the  whole  to  coin' 
cido  with  the  main  longitadinal  earthquake  zone  in  the  south- 
weatem  part  of  Formosa.*  The  northern  jKxilongation  of  (a)  passes 
approximately  through  the  local  centres  at  the  vicinity  of  Jukirin 
aiul  iHilutku  ami  that  of  Ilakuslmko  at  the  north-western  end  of 
the  Island,  (ft),  (c),  and  (d)  Ixilong  prol)abh'  to  a  continuous  zone, 
tlieir  higher  seismic  frequencies  iyeing  due  to  the  disturbances 
which  occur  along  or  off  the  eastern  coast 

&  Earthquake  frequency  in  To  obtain  a 

general  idea  of  the  seismic  distribution  in  Formosa  for  the  interval, 
1904  to  1907,  I  give  in  the  last  column  of  Table  11  the  sum  of 
the  earthquakes  recorded  during  the  three  years  1004,  I!)!)."),  juui 
11)07  ;  tlie  frequency  for  the  year  1000  liaxing  been  excluded  on 
account  of  the  great  numl)er  of  the  after- shocks  of  the  destructive 
disturbance,  which  took  place  on  March  17  th  of  that  year.  As 
is  illustrated  in  Fig.  2  (FL  XXXIV),  the  principal  centres  of  the 
seismic  activity,  in  which  more  than  50  shocks  were  felt  daring 
the  3  years  in  question,  wei«  as  follows : — 

(A)  Ka^  and  the  Ticinity. 

(B)  The  vieinity  of  Gitan. 

(C)  „         „  Karenko. 


*  Sue  F.  Ouiuti  :  "  l^reliniinarj-  Rei>;>rt  oti  tlie  Funuuwi  Lurtlujiuikc  of  March  17,  190G." 
The  JhOkttn,  Yd.  I,  Ka  3. 
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(Z>)    The  vicinity  ul  Baadmbo^ 
(£)  Cape  Oaianbi 

In  brojid  features.  Fig.  1  is  similar  to  Fig.  2,  and  the  local 
conties  deuoted  by  {<i),  {b),  (c),  and  (d)  in  the  preceding  §  are 
respectively  identical  with  (A),  (j?),  {D)  and  (A),  here  described. 
{B)^  (C)t  and  (£)  may  be  regarded  as  forming  a  seismic  zone 
which  is  situated  on  the  eastern  side  of  the  aads,  or  main  monn- 
tain  chain,  of  Formosa,  passing  along  the  longitudinal  valley 
separating  the  latter  from  the  Taito  coast  range.*  (A)  forms  the 
most  active  seat  of  seismic  distuibaucos  of  luiaiid  origin. 


*  See  Aleo  tba  oeit  Attido. 
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On  the  Boknaekikaka  and  Baiwhinho  (Fcxnnosa) 
Earthquake  of  January  11, 1908. 

By 

F.  OHOBI»  Se.  D., 

Member  uf  the  Impcriul  EariL^uake  Investigatiou  Committee. 

Wltb  Pis.  XXXV  aud  XXXTL 


CONTENTS. 

{  1.  IntrodacUuu. 

I  2.  Ttme  of  Owuiieiioe. 

§  3.  Area  of  DiylurlNincL-. 
§  i.  Ewrthnimilin  damnge. 

$  5.  Appioiiinate  podtfon  ot  ttie  eMthqiMlcD  oitgfn. 

§  6.   ItcLitioQ  of  the  caithqtuikc  of  Jan.  11,  l\m,  tu  Uuvt  of  Maidl  17,  lOOA. 
I  7.  Mutonl  BeUtiou  uf  Uw  diffeient  itioog  cmthumtknw  nkiag  tlis  oailiam 
ooMt  of  iBlnnd. 

1.  Introduction.'^  The  disa.stroiis  oarthquakcs  in  Foiiiiosu 
generally  cx^ciiiTed  in  the  densely  popiilnt<'d  south-wcstcra  part 
of  the  Island,  where  the  gi-ound  is  flat.**  Tlic  different  places  on 
the  eastern  coast  are  also  by  no  means  free  from  the  visitation 
'  of  strong  shocks,  although  the  amount  of  the  seismic  damage  was 
there  always  insignificant.  The  latter  circumstance  is  probably  due 
to  the  mountainous  nature  of  these  districts  and  the  scarcity  of 
inhiihitants,  the  seismic  ilistuibuiiccs  occuiTin<r,  in  many  casei;, 
under  the  ocean.  The  following  three  earthquakes  were  the 
strongest  felt  ia  tlio  recent  years  along  the  Puciflc  side  of  Formosa. 


*  Tbe  Ubmb  an  all  given  in  tlie  lat  Kocmal  Jnpiui  Time,  or  ffant  of  loogltiiAo  ISB^  E  at 

Qieuuwicli. 

**  See  my  imper  on  the  fteCMM  eaiUMinake  of  Match  13,  lil06.  Tho  MuUvtin,  Vol.  I,  Na  2. 
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(a)  Giiwi  Eqke  of  June  7,  1901  ;  at  9h  05m  am.  The  shock 
which  was  qaito  local,  was  felt  strongly  and  oauscd  some  slight 
damago  at  the  town  of  Giran  and  the  Ticinity 

Giraii.    5  or  (i  homes  had  mod  walls  cracked,  and  a  few  ioo£  tiles 
thrown  down. 

Shokei.   Oos  hoaee  had  the  roof  diimugod.  In  one  case,  a  mod  wall 

was  thrown  out  of  the  vertical. 
Hachirisha.    (>  houses  slightly  damagpd. 
Suiheukyaku.   56  native  houses  damaged. 
Taikakan.   One  native  hoase  destroyed. 

This  earthquake,  which  was  not  felt  at  Taito  and  Koshirn,  was 

slight  at  Tainan  and  Hokoto,  moderate  at  Taihoku,  and  aimuj 
at  Taichu. 

(6)  Taito  Eqke  of  Sept.  7.  1903 ;  at  4h  14m  pm.  The 
disturbance  was  felt  strongly  at  Taito,  where  92  afler'Shocks  were 
recorded  in  the  course  of  the  foUowing  30  days.  No  damage 
was  done,  the  origin  being  sub-oceanic. 

(e)  Karmko  Eqkes  of  Aug.  26  and  28,  1905.  The  earth- 
quake  of  Aug.  20,  which  occiured  at  about  4h  r)2ui  jJin.,  was 
felt  slightly  at  Tailioku  and  Taichu,  but  insensible  at  Taiuan, 
Taito,  llokoto,  and  Keelung.  It  was,  however,  strong  at  Karonko 
and  was  followed  by  several  minor  shocks.  The  earthquake  of 
Aug.  28,  at  about  Ih  23m  pm.,  was  much  severer,  canaing  at 
Kareoko  partial  destruction  of  one  ware«houso  and  6  native  houses, 
besides  some  damage  to  two  houses  in  Japanese  style.  This 
shock  was  also  very  locjd,  the  area  of  si  vl  tc  motion  boiiig  hniited 
only  to  the  immediate  vicinity  of  the  above  mentioned  town.  At 
the  Gossenjo,  about  10  km  to  the  south-west  of  the  latter,  the 
motion  was  strongly  felt  but  caused  no  damage.  At  Basshisho, 
about  42  km  further  on  in  the  same  dhicctton,  the  intensity  was 
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slight.  The  motion  was  sensible  ami  sligiit  iit  'Tailiokii,  Taichu, 
and  Taito,  but  was  iiiseasible  at  Tainan,  Ilokoto,  and  Ivwhing, 

The  earthquake  of  Jan.  11  of  this  yeai",  which  originated  iioax 
the  towns  of  Bokusekikaku  and  Basshisho  in  the  Taito  prefecttire, 
was  the  strongest  felt  in  the  Island  since  the  destructive  shocks 
of  Kagi  in  March  and  April,  1906. 

Earthquake  of  Jan.  21,  igo8. 


2.  Time  of  occur vencc.  The  dhscrvations  at  the  dilierent 
meteorological  observatories  in  Formosa  were  as  follows: — 


wsogntpiinN  A  wiiiuiiL 
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Trenoor. 
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:1H    30  (?) 
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32 

111) 
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(Modemte 
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23.2 
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3ti  Ort 

Keclttiig. 

■2r> 

if.) 

121 

45 

Do. 

0 

36  CO 

KfiTL-Dko. 

'i-i 

00 

121 

33 

Strung. 

0 

34}  00 

The  observations  at  the  5  stations  of  Taichn,  Tainan,  Taito, 
Koshun,  and  Ilokoto,  were  each  made  with  an  Omori  horizontal 
pendulum  of  0  times  magnihcation ;  Tainan  being  also  furnished 
with  an  ordinary  Gray«Milne>£wing  typo  macro-seismograph.  At 
•Taihokn  the  pointer  of  the  horizontal  pendulum,  of  10  times 
magnification,  got  out  of  the  smoked  paper  soon  altca*  the  com- 
mcneement  of  the  shock,  and  the  duration  of  the  preliminary 
tremor  at  thi.s  place  e.stiinati.'d  from  the  macro-seismograph  record, 
namely,  1  ^.H  see.,  pcoms  to  be  too  short.  Karenko  had  no  seismolo- 
gical  instrument,  while  Kcelung  had  simply  a  roacro-seismograph. 
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The  times  of  the  earthquake  occurrence  at  tlio  different  stations 
are  only  approximate,  except  that  at  Taihoka ;  the  probable  time 
of  OGGUTrenoe  at  the  (Higin  itself  being  about  Oh  35m  OOs  pm. 

a  Area  4^f  diOurtanee,  The  earthquake  sensible  all 
over  Formosa  and  in  Hokoto  (Pescaclores).  The  flhock  was 
also  felt  sliglitly  iit  Tslii<;a"ki-jima  (l/,ukyn)  at  ;ui  cijicciitral 
distance  of  about  302  kin,  so  tiiat  the  radius  of  the  area  of 
sensible  motion  was  probably  a  Uttie  over  300  km.  As  shown 
in  Fig.  2,  (PL  XXXV),  the  land  area  of  moderate  and  strong 
motion  was,  for  Formosan  shocks,  unusnally  large  and  had  a 
length  and  breadth  of  210  and  100  km  respoctiyeiy;  the  longer 
axis  being  in  tlie  direction  of  NEN  and  SWS  and  coinciding  with 
t}ie  Taito  longfittidinal  valley.  Witliiu  this  area,  whose  western 
boundary  was  formed  by  the  line  joining  the  cities  of  Toroku 
and  Tainan,  pendulum  clocks  were  generally  stopped.  According 
to  Mr.  H.  Kondo,  who  happened  to  be  at  Karenko  at  the  time  of 
the  earthquake,  the  motion  there  was  strong  and  lasted  25 
seconds,  canaing  the  houses  to  be  shaken  considerably,  although 
no  damage  was  produced.  At  Karenko  there  were  some  after- 
shocks and  Jinari. 

The  area  of  severe  motion,  within  which  ??ciamic  damage 
was  done,  included  the  villages  of  Bokusekikaku,  Suibi,  and 
Basshisbo,  forming  probably  an  ellipso  of  length  and  breadth  re- 
spectively of  about  75  and  50  km.  According  to  the  reports  from 
the  different  rain-gauge  stations,  the  shock  was  preceded  or  ac- 
companied by  sounds,  in  the  western  lialf  of  tlio  Island,  ai  the 
four  places  (U"  Siiitciryo,  Nonto,  Doko,  and  Seiraoju,  where  the 
intensity  of  motion  was  moderate  or  slight 

4»  Earthquake  damage.  The  villages  of  Bokusekikaka 
and  Basshisho  are  situated  among  the  districts  inhabited  by  the 
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aboriginal  tribes,  whoso  dwellings  are  of  the  simplest  construction 
Mvith  thatch  roofing,  and  do  not  show  signs  of  seismic  damage; 
theic  being  only  a  very  few  hoases  of  *^dokakn,**  or  mnd  con* 
stniction,  prevalent  among  the  native  (old  Chinese)  population  of 
Western  Formosa.  To  these  drcnmstanees  was  partly  due  the 
small  amount  of  the  seismic  damage  to  the  buildings.  Tlicie 
woi*e  at.  Tk>kusokikaku  and  Siiibi  throe  old  houses  totally  over- 
thrown, besides  a  mimlxT  of  the  cases  of  partial  destruction. 
Still  there  is  no  doubt  that  the  intensity  of  motion  in  the 
epicentral  area  was  mnoh  smaller  than  that  on  the  occasion  of 
the  Kagi  earthquake  of  March  17,  1906.  At  Subi,  the  **byo" 
(native  temple),  the  only  dokaku  building  in  the  village  constructed 
some  5  years  ago,  had  its  back  wall  entiiely  thrown  down, 
while  the  damage  to  the  front  side  facing  .S80  E  waf^  limited  to 
cracks  of  tlio  walls  nnd  the  falling  down  of  some  roof  tiles. 
(See  Fig.  a»  PL  XZXVI).  The  waUs  of  the  sub-prefectui-al  office 
at  Bokusekikaku  were  much  cracked,  but  the  plasters  did  not 
faU  down.  The  dokaku  house  of  the  cliief  official  of  the  village 
of  Chuka,  constructed  in  the  preceding  year,  was  only  cracked  at 
the  junotionB  of  the  walls.  The  newh'  built  sub-prefectural  oflico 
of  SoikuM)  was  piacticiiUy  undamaged,  except  some  sliglit  separa- 
tion of  tho  timbers  and  walls. 

Some  landslips  were  caused  by  the  shock  in  the  vicinity  of 
Basshisho,  Suibi,  Bokusekikaku,  and  Sangenya;  part  of  the  water 
of  the  river  Shukoran-kei  having  been  temporarily  stopped  by  the 
falling  of  a  soft  rocky  cliC  At  a  place  about  2\  km  distant 
from  Hasshisho  nnd  among  the  valleys  of  the  central  mountain 
mnge  the  stream  waters  were  from  a  similar  euuse  stopped  for 
a  few  days.  Again,  at  Bokusekikaku  and  Chuka  the  ground  was 
cracked,  in  some  cases  to  a  width  of  1  foot. 
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&  Approximate  pasittou  o/  the  earthquake  origin*  The 
opicontral  distancos  of  the  four  meteorological  obaervatories  of 
Taito,  Koshnn,  Tainan,  and  Hokoto,  calculated  by  Equation  (3) 

jnven  on  page  14<>  of  this  Xinnl)or,  from  the  durations  of  the 
preliminary  treniof,  arc  as  follows  : — 


Stittiou. 

■ 

Epicewtml  Diatauco  =  x. 
Cnkniiited  by  Equation  (3),  p.  146. 

Taito 

103»"« 

Koshnn 

186 

Tainnn 

138 

Hokofo 

167 

Drawing  on  the  map  of  Formosa  (Fig.  2),  four  circles  about  the 
different  stations  as  centimes  and  with  radii  respectively  equal 
to  the  calculated  epicentral  distances  given  in  the  above  table, 
we  find  that  their  points  of  intersection  are  near  each  other,  on- 
closing  a  smnll  quiuliiliiteral  in  tlio  vicinity  of  Basshisho.  Tflking 
also  the  isoseismtil  lines  into  consideiation,  the  approximate  ix)si- 
tion  of  the  epicentre,  marked  in  the  figure  by  a  small  ci'08s(x), 
seems  to  bo  at  about 

jf  =5  23«  37'  N, 
1 1  =  121»  15'  E. 

The  epicentre  thus  located  is  about  52  and  96  km  distant  re- 
spectively from  Karenko  and  Taito,  being  nearer  the  former  by 

44  km.  Now.  bv  a  curious  coincidence,  it  liappeneil  that  one 
Mr.  Wakiiinalsu,  in  the  service  of  the  post  viXwo  at  Taito, 
liappened  to  telephone  to  Kareuko  just  before  the  occurrence  of 
the  earthquake  in  question.  He  received  for  answer  the  informa- 
tion  that  a  strong  earthquake  was  taking  place  at  Karenko  and 
was  requested  to  wait  for  a  momont;  some  noisy  sounds  being 
simultaneously  perceived  through  the  telephone.    After  a  short 
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time  int<?rval,  wiiilo  he  was  woiuierin*;  wluit  wns  the  matter,  a 
strong  shaking  begaa  to  be  felt  also  ia  Taito.  This  oircamstanoo 
illustrates  in  a  practical  manner  the  fiact  of  the  transmission  of 
the  seismio  waves.  As  the  propagation  velocity  of  the  vibrations 
composing  the  principal  portion  of  the  earthqnake  motion  is  about 
3.3  km  per  the  time  «lifforence  between  the  occurrence  of 
tlie  slioek  at  Karenko  aiul  tliat  at  Taito  woukl  have  lieen  about 
13  seconds,  for  the  distance  difference  above  assumed. 

6.  Mela f (on  of  the  earthquake  of  Jan*  11,  1908  to  that 
of  March  17,  1906*  The  cause  of  the  disastrous  Kagi  earth- 
quake of  March  17,  1906,  was  the  formation  of  the  Baishiko 
and  Chinsokiryo  foults,  in  the  main  direction  of  west-sHghUy- 
flouth  and  oast-slightly-north,  over  a  distance  of  13^  km  from 
]>aishik(>  on  (lie  east  to  Dahyo  on  the  west.  It  was  further 
|X)into(l  out,  lirstly,  tliat  the  fault  was  probabh'  eoutiuuod  west- 
wards to  the  vicinitv  of  the  town  of  Shinko  for  a  furtlier  distance 
of  about  12  km,  making  up  a  length  of  25^  km ;  and,  secondly, 
that  this  latter  length  coiTesponded  only  to  the  westeim  half  of 
the  line  of  dislocation  and  the  eastward  continuation  passed  among 
the  mountains  for  a  fiuiher  distance  of  20  or  25  km,  the  total 
extension  of  the  fault  being  some  HO  km.* 

i'rom  the  map  (Fig.  2).  in  wliich  the  western  and  the  pro- 
bable eastern  halves  of  the  above  mentioned  fault  are  indicated 
respectively  by  thick  fall  and  doted  lines  in  red,  the  further 
eastward  probngation  of  the  same  line  of  disturbance  seems  to 
pass  through  the  epicentre  ( x )  of  the  Bokusekikaku  and  Basshisho 
earthquake  of  this  year.  My  supposition  is  that  the  latter  shock 
was  a  cuiiiiiinatinn  of  the  Kagi  ffitasiropho  of  IJlOO,  the  forma- 
tion of  the  fault  having  been  extended  eastwards. 

•  See  the  S«imn„\ii.  I,  No.  ± 
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If  the  above  bUpix)sitioii  be  oonect,  the  process  of  dislocation 
must  have  proceeded  downwards  in  the  eastward  extension,  as 
the  focal  depth  of  the  Bokusekikaku  and  Basshisho  earthquake 
-was  evidently  gi^eat.  The  intensity  of  motion  in  the  assnmed 
epicentral  district  was  not  greater  than  in  the  case  ol  the  "very 
local  Karenko  shock  of  1905. 

7.  Mutual  relation  of  the  d(}ferent  strong  earthquakes 
almiy  the  eastern  coast  of  the  Islund,  Tho  back  bone  of 
Formosa,  whose  geograpliical  feature  is  rather  simple,  is  formed 
by  the  heavy  mountain  chain,  wliich  runs  parallel  to  the  longer 

axis,  and  is  nearer  to  the  eastern 
coast,  of  tho  Island.  It  begins 
in  the  Koshnn  peninsula  at  the 
southern  extremity,  and  tfikcs  the 
NEX  direction,  till  the  great 
lieight  of  over  d,000  metres  is 
reached  among  the  peaks  in  tho 
vicinity  of  Mt.  Sylvia.  Thenco 
the  direction  of  the  range  is 
turned  toward  ENE  and  reaches 
the  sea  at  the  neigh bourliowl  of 
So-o ;  forming  the  tremendous 
steep  cliffs  along  the  eastern  coast 
between  the  latter  place  and 
Karenko.  Mt.  Niitaka  (Mt  Mor- 
rison) is  the  liighest  |xnik,  not 
only  ill  Ft)rmosa,  liul  in  tlic 
whole  of  Japan  and  ottains  the 
altitude  of  over  4,000  metres. 
The  eastern  side  of  the  main 


Fig.  1.  Map  of  Formosa. 
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monntain  raui^^L,  which  is  much  steeper  than  the  westein  side, 
descends  uliniptly  into  a  straight  longitudinal  valley  which  cxtcwls 
betwcou  Kaioiiko  and  Taito.  To  the  east  of  this  valley  there  is 
along  tlie  coast  a  small  mountain  i^gc  of  about  1,000  metres 
height,  called  the  Taito  Coast  Bange.  It  soems  probable  that  the 
Karenko-Taito  longitudinal  valley,  whose  northern  and  southern 
continuations  may  be  supposed  to  run  off'Uie  coast,  is  as  explained 
below  closely  connected  with  the  seismic  pheiionK-na  in  the  whole 
easte^rn  part  of  the  Island.    (See  Fig.  1.) 

Again  from  the  maps  (Pis.  XXXIII  and  XXXl\')  showing  the 
earthquake  distribution  in  Formosa,  it  sccni«»  that  the  more  fre- 
quently disturbed  regions  about  Giran,  Karenko,  Dasshisho  and 
Bokusekikaku,  Taito,  and  CSaranbi  (southern  extremity  of  the 
Island),  belong  to  a  contiimous  earthquake  zone,  which  runs  along 
the  c^af^tciii  coast  of  the  Island,  or  rather  along  the  eastern  side 
of  the  main  niountatin  range.  In  the  uorthcin  }nirt,  Ix'tween 
Giran  and  Karenko,  this  zone  is  probably  some  little  distanc<>  ofl" 
the  coast,  while  its  middle  part,  between  Karenko  and  Tainan,  is 
]nx»bably  situated  inland  and  coincides  with  the  Karonko*Taito 
longitudinal  valley.  The  southern  part  of  the  zone,  between  Taito 
and  Garanbi,  is  again  a  litle  distance  off  the  coast. 

Now  the  Hokusekikaku-Jjasshibho  (.arthiiuakc  of  Jan.  11,  1908, 
may  be  taken  also  to  belong,  t<>g('tli('r  \vitli  the  three  previous 
Btn)ng  shocks  mentioned  in  §  1,  (a),  {b)  and  (c),  to  the  longitu- 
dinal seismic  isone  along  the  eastern  coast  of  Formosa  as  above 
supposed.  In  other  words,  the  strass  was  gradually  inciHiasing 
along  the  isono  in  question  and  produced  strong  disturbances  at 
the  diflbrcnt  places,  in  the  following  oi'dor :— (1),  Vicinity  of  Giran 
in  the  north;  (2),  olV  the  coast  of  Taih)  in  tlie  sonth  ;  (ii),  Vicinity 
of  Karenko,  between  (1)  and  (2),  bnt  nearer  to  the  ft)rmer ; 
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vicinity  of  T'.okusckikaku  aiul  ]iasslii.sho,  between  (3)  and  (2). 
(Seo  Pis.  XXXili  and  XXXLV.)  For  other  cases  of  tlie  successive 
occuiTence  of  strong  or  destructive  shocks  along  an  eariliquakc 
zone  the  readier  is  referred  to  the    BulUtmC*  Vol.  I,  Nob.  1  and  3. 

8.  Aftershocks,  At  Biisshisho  the  number  of  the  after^ 
shocks  felt  till  10  am.  on  the  following  day  was  20  or  30,  and 
there  were  several  or  earth  sounds  which  seemed  to  jdocced 

from  some  distance.  At  Bokusckikaku  there  were  also  a  number 
of  after'Shocks.  The  following  is  a  list  of  the  shocks  and  sounds 
subsequent  to  the  initial  disturbance,  observed  by  Mr.  H.  Kondo 
during  his  travel  in  the  Taito  prefecture : — 

(January  1U08) 
lltli.  Kaiauko.    Slight  shock  at  0.88  and  0.50  pm. 
12th.      „  „  „    0.:J4  pm. 

13th.  Gozonjo.         „  7.30  tuid  8.42  pm. 

14th.  lu  the  vicinity  of  (io/^njo.   Jiwxri  at  11.25  am. 
„     Bataian.      Jinari  at  T.lti  pro. 
„        „  „      „  0.09  am. 

15th,  Boeeihisho.  Sound  and  BUg^k  shock  at  0.54  pm. 
„     Snibi.        Sound  naid  alight  flhock  at  8.02  pm. 

„  Slight  shock  at  8.19  pm, 

16th.  Sangenya.   Moderate  earthquake  at  6.07  pm.,  followed  by  others. 
17tL      „         Moderate  shock  at  2  am.  After  the  17th,  the  shocks 
became  rarer. 

In  conclusion  I  must  express  my  tliuuks  to  Mr.  11.  Kondo, 
who  luive  kindly  put  at  my  disix)sal  the  materials  and  tliu  results 
of  his  observations  respecting  the  earthquake. 
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§   5.    Vulvunic  cruptiniiH. 

$    (>.    Notu  on  vuloniiic  cnrthqutikes. 

ijt  7.   IHifvient  shuckii  uu  May  13,  lUUB. 
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§  10.  Aftex-Bhodffi. 

1.  IntroOueHon*    As  stated  below,  the  submarine  earth' 

quakes  of  May  13,  1908  seem  to  have  originated  at  a  point 
between  Cape  Omae/.aki  (jtrovince  of  Totonii)  and  the  Hachijo-jima. 
Tlic  latter  is  one  of  the  islands  belonging  to  tlic  Fuji  volcanic 
chain,  and  is  at  a  distance  of  about  290  km  duo  south  of  Tokyo. 
Lot  us  first  examine  the  relation  between  the  activity  of  this 
chain  and  that  of  the  external  seismic  zone,**  which  runs  pa- 
rallel to  the  Japan  arc  on  the  Padfic  side. 

2.  Aeiivtty  in  recent  yeara  of  the  External  Seismic  Zone* 
The  majority  of  the  h(h  nt  larger  Japan  earthquakes  originated 
fiuoi  the  northciu  paiL  oi  tiie  "  external  seismic  zone,"  namely, 
oir  the  eastern  coasts  of  tlie  Main  Island  and  the  Hokkaido,  ex- 
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tending  in  the  south  to  the  mouth  of  the  Tokyo  Bay.  (See  the 
BulUHnt  Vol.  I,  No.  2.)  Their  fireqnency  varied  of  course  from 
year  to  year,  as  will  be  seoi  from  the  following  table,  which 
gives  the  annual  numbers  of  the  submarine  earthqnaVes,  whoso 

land  ai  oii  of  sensihlo  motion  was  over  7,000  square  I'i,'-  and  which 
originated  from  the  region  under  consideration. 


TABLE  I.— TBARLY  NUMBER  OF  THE  EARTHQUAKES 
WHICH  ORIGINATED  OFF  THE  X40RTH-BASTERN  COAST  OF  JAPAN. 
lAnd  «MMi  of  SeUfiilille  motion  >  7,000  iq.  ri. 


Year. 

Nambar  of  the  Earthquakes. 

•  1901 

6 

.  1902 

12 

1903 

5 

1904- 

8 

190r, 

2 

190<J 

3 

1907 

4 

Prom  the  above  table,  it  will  be  seen  that  the  larger  earth- 
(jiiakos  of  the  submarini>  on;^iii  ocoiirrod  12  times  in  1902,  but 
wei*e  much  rarer  and  had  the  average  annual  frequency  of  2.8 
in  the  years  after  1904.  This  decrease  of  the  seismic  frequency 
for  the  zone  in  question  is  also  clearly  shown  by  Table  II,  which 
gives  for  the  interval  of  1892  to  1907  the  yearly  numbw  of  those 
earthquakes,  each  of  which  was  felt  stron<;;1y,  moderately,  or 
sli<,ditly,  alon<i  the  north>castem  coasts  of  Japan  over  a  land  area 
greater  tlian  4,000  sq.  ri. 
^ 

•  1  rf  s  8.4  milen  or  3.827  km. 
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TABLE  n.-  TEARLY  NUMBER  OF  THE  EARTHQUAKES, 
WHICH  OHIOINATED  OFF  THE  NORTH-EASTERN  COASTS  OF  JAPJJI, 
And  wbtdi  wcro  each  fait  utrongljf,  nwdertUfly,  ox  xlyjhUjf  over 


Year. 

Nnmber  of  the  Earthquakes. 

1892 

0 

1893 

1  ] 

1894 

5 

1895 

1 

p-  JUain  3,6 

1896 

:i 

1897 

8  ^ 

1898 

1 

1899 

3 

1900 

5 

■  Mean. . ,  .8.6 

1901 

4 

1902 

6  1 

1903 

0 

1904 

2 

1 

1905 

19(M5 

:^ 
2 

r  MlWl  1.8 

1907 

2  J 

1 

According  to  the  above  table,  the  larger  and  stronger  earth- 
quakes occurred  8  and  (i  times  i^espectively  in  the  years  1897 
and  1902 ;  the  average  annual  fraqoencios  during  the  two  succes- 
sive five  year  intervals  of  1893-1897  and  of  1898-1902  being 
each  equal  to  B.ft.  DuHnj?  the  last  5  years,  190S-1907,  the 
seismic  activity  much  sniiillcr.  the  average  IVrijuciicv  being 
1.8.  Thus  it  will  hv  seen  that  the  large  siil)niarine  eartliquakes 
wliose  origins  were  near  Paeilic  coasts  of  the  northern  Japan 
decidedly  decreased  in  number  since  1903.  It  is  probable  that 
tliis  decrease  ivill  continue  for  several  years  to  come,  and  that 
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the  centre  of  seismic  activity  on  the  outer  side  of  Japan  will  ho 
in  fdture  tranafened  along  the  convex  seismic  zone  **  southwards 
to  the  sub-oceanic  region  off  the  coasts  of  Tokaido  and  Nankaido, 
between  the  peninsula  of  Izn  and  the  Island  of  Kyushu.  In  the 

mean  while,  the  activity  along  the  Fuji  volcanic  zone  seems  to 
have  been  ineioHsinu  duiinix  the  recent  years. 

8,  Meceut  activity  of  the  t^uji  volcanic  zone.  The  series 
of  the  islands  (see  the  map.  Fig.  1)  belonging  to  the  Fuji  volcanic 
chain  has,  within  the  last  a  few  years,  been  unusually  active  in 
the  manifestation  of  the  subterranean  energy  and  given  rise  to 
the  three  following  eruptions : — 

(1)  The  explosion  of  the  Tori^shima  in  August,  probably 
between  the  night  of  7th  and  that  of  Oth,  11)02.  The  total 
population  of  tlie  island,  about  125  in  number,  was  entirely 
wiped  away  without  leaving  even  a  trace. 

(2)  The  submarine  eruption  near  the  Minami  Iwo*jima 
(South  Sulphur  Island),  on  about  Dec.  5,  1904,  resulting  in.  the 
formation  of  a  new  temporal  island  about  145  inetres  in  height 
and  5  km  in  pircunifcicncc. 

(3)  The  submarine  eruption  in  the  vicinity  of  the  Bayonnaise 
Rock  (to  the  south-east  of  the  Aoga-shima),  in  April,  probably 
between  the  7th  and  13th,  1900.  The  outbursts  continued  for 
about  one  week,  a  great  quantity  of  pumice  having  been  found 
floating  on  the  sea  surface. 

As  regards  the  seismic  activity,  tliere  were,  since  1890,  fifteen 
larger  or  stronger  eai  thquakes  which  originate*!  along  the  Fuji 
zone  islands ;  the  date,  time  of  occurrence,  appi'oximate  position 
of  the  origin,  and  area  of  disturbance'^  for  each  of  these  shocks, 

*  llio  nrca  of  disttulHinoe  eigmOefl  here  the  aren  within  wbich  tht;  nurfion  was  felt  or 
TMtBiM  br  the  adiiMiy  Omy  Miliie-Ewiiig  t7pe  leiraMBtapliM. 
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nnmberctl  1  to  10,  being  given  in  Table  III.  Tlie  earthquakes 
riumbcnnl  2'.  3  ,  1',  -V,  ('/,  7',  1)',  10',  11',  13',  U'  and  15',  given 
fur  the  sake  of  computiat>ii,  are  tliose  which  do  not  bt'loiiir  to 
the  zone  in  question,  but  which  occurred  within  a  short  time 
interval  before  or  after  the  shocks  2,  3,  4,  5,  etc.,  respectiTely. 

TABLB  UL—LWr  of  THE  LAROER  EARTHQUAKES  WHICH  ORlOnrATBD 

ALONG  THE  FUJI  VOLCANIC  ZONE.  1890-1908. 

Eqkm  Nob.  2'.  3',  4',  i',  6',  7'.  d*.  W.  11',  13',  14',  oud  15'  are  Uic  laigef  diutiirbiuioM 
whicb  pieoadad  or  follow«d  flia  flhoohB  voda  caaaSmSaa. 


DMte. 

AppKndtiiUkte  FiMitHja  of 
Bqftt  Origio. 

Time  of 
Oocnrrenoe 
at  OrigMi. 

Area  of  Di^uibaooe. 
(LoDgar  axia  X  aibortar  wds.) 

1 

Apiil 

16,1890. 

ividQitv  of  Miyake  aud 
i  MUnin  laUinda 

ii  111 

/Land  area  of  sensible i 
^  motiOB9  4740aq.  H./ 

a 

F«b. 

12,1896. 

la  the  MB  of  Tmxl 

638  am. 

rf.  ft. 
150x120 

I" 

Ttikyo  Bay. 

1  5R  ivm. 

110  X  40 

V 

NW.  port  of  MawiihL 

2  iti  am. 

llOx  C5 

9 

aSTpn. 

150x140 

3' 

•»  It 

▼iioiikttj.of  Syt/to. 

e  3ft  am. 

190x  60 

4 

Jan. 

18,  1897. 

In  the  sea  of  Isa. 

9  27  pm. 

120x  90 

4' 

17.  „ 

Hiuzaka  (Stiinano). 

5  :)e  am. 

130x110 

S 

Ibmd 

h27,189& 

In  tkt  atm  of  Im. 

3  84  am. 

170x110 

6' 

m 

Off  tb«  S.  oiHwt  of  Sngmni. 

11  as  pn. 

laOxlQO 

6 

Jan. 

31, 1900. 

In  the  sea  of  Izu. 

2  37  am. 

180x120 

6' 

Off  tlie  £.  cnmt  of  Mntsti. 

4  22  am. 

250x150 

7 

Nov. 

5.1900. 

( 9 = 33'43'  1!t;K-=:  139  06'  £. 
j  Near  tbe  Islands  of  Mlya- 
'    ke,  Mikura  and  Kozu. 

441pm. 

200x140 

7' 

f* 

0.  .. 

|Off  the  SE.  a>U4t  of  Awft- 
1    Ka/.uwi  reninKulrt. 

C  11  |iin. 

120 X  80 

8 

fi 

9.  M 

(Some   distance  to  tbe 
j   Bovtli  of  Ho.  7. 

2  54  am. 

180x140 
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TABIiBin.  (QmL) 


No. 

Date. 

Apptoxiniato  I'uBiliou  of 
K<lke  Origin. 

Time  of 
Occurrence 
ni  Origin. 

Area  of  Distmbance. 
(Ijonger  axis  x  shorter  nxin.) 

9 

~ — 
Not. 

—  -  — 
19,  1900. 

In  tbe  sea  of  Im. 

h  III 

10  58  pm. 

ri.  rl. 
130 X  80 

S' 

If 

»  « 

N.  put  of  Yoinata 

1  40  am. 

13Ux  70 

10 

Folk 

20,  1902. 

▼loliiltiy  of  Htediljo-tfiiM. 

10  90  an. 

190x190 

UK 

i» 

sii.  ., 

Off  tlia  E.  oooit  ot  Mtthm. 

0  U  am. 

aeoxiTo 

11 

JtUM 

3,  1909. 

TMnfty  oTBtebljo-jbiiB. 

028  pm. 

180x100 

XI' 

n 

% 

Off  Um  E.  fnwt  at  Uttm. 

7  60  pm. 

IWx  W 

12 

Nov. 

13,  1904. 

|Vi<daltj  of  Osanwafo- 

9  49  am. 

/Zaand  area  of  senaible\ 
^  motion = 590  aq. 

13 

7,  1909. 

Vloliittj  of  Osliima, 

2  40  pm. 

220x120 

2.  _ 

In  Um  Ibkiid  Bn. 

2  40  pm. 

vaf 

n 

«.  » 

.» 

S  OBam. 

90x  SO 

'  » 

8  39  pm. 

aox  40 

14 

May 

4,  1907. 

iViciiilty  of  Ogasawara- 
1  jima. 

5  37  pm. 

600  x  400 

M' 

n 

&.  „ 

OflUw  £.  ooMit  cf  Hitachi 

a  16  am. 

230x180 

19 

|May 

13,  1906. 

1  Between  Hachljo-jima 
1   and  Onae-zakL 

528  mn. 

400x290 

1. 

If  If 

Do. 

937  am. 

400x200 

16' 

.» 
It 

14. 

lo.  » 

Central  paitt  of  Iltttkcbi. 
S.  jmzt  of  Itikivsen. 

10  57  am. 

10  iO  am. 

40x  30 
100  X  60 

Of  the  15  earfchqnakos,  Nos.  1  to  15,  the  stronf^cst  were  the 
tliree  Nos.  1,  7,  and  115,  each  of  whicli  was  seiiii-dcstructive  at 
some  of  the  islands  within  the  nieizo.seisnml  area,  and  causi  d  sonio 
dama<;c  such  as  cracks  of  tlie  ground,  hmdslips  of  cliffs,  etc.  No.  1 
was  felt  seveiely  in  the  islands  of  Miyake  and  Mikara,  and  No.  7  in 
these  two  as  well  as  in  the  island  of  Kozu.  Eqko  No.  14  origi- 
nated near  the  island  of  Oshiina.   The  positions  of  (he  origin  of  dis- 
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tuibanco  of  the  4  sliocks  Nos.  7,  11,  13  and  15  are  indicated  in 
Fig.  2.  Of  the  remaining  earthquakes,  Nos.  10  and  11  originated 
in  the  vicinity  of  the  Hachijo-jima,  while  Nos.  12  and  14  origi- 
nated in  the  vicinity  of  the  Ogasawara-jima. 

The  following  table  gives  some  of  the  results  of  the  seismo- 
grapliical  olisei  vatious  at  Tokyo,  Obaka,  and  Mizusawa,  relating  to 
the  earthquakes  Nos.  6' 14.    (Eqkes  No.  15  arc  considered  later  on.) 

TABZiB  IV.-£gK£S  NOS   g  14  OBSERVED  AT  TOKYO,  OSAKA, 

AMD  MiZUSAWA. 
Time  ot  Oixurrenui^t. 

Total  Dnmtioa  of  the  Psdiniiuiiy  Ikidowr^jir. 


•t 

iiul 

No. 

State 

TokyoL 

t        1  y 

t 

'/ 

I 

f) 
7 
S 
0 
10 

Jan.  31,  1900 
Not.   5k  «. 

Feb.  20,  1908 

\,      rii  > 

'i  37  31  iim. 

4  41  42  imi. 

a  55  03  Mu. 
10  58  38  pm. 
10  4»  95  Jim. 

90J. 

li    1H  a 

10  SO  10  oni. 

h    m  « 
10  50  33  jun. 

11 

Jone  3,  1808 

0  87  48  pm. 

35.1 

0  98  30  pm. 

63 

u  28  55  pm. 

» 

Not.  13.  1801 

•9  48  60  im. 

4a5 

9  47  99  am. 

13 

Jims  7,  1806 

3  88  30  pm. 

17. 

3  40  18  pm. 

50 

2  40  33  pm. 

14 

Hny   4,  180f 

6  38  34  pm. 

88. 

5  38  63  pm. 

5  38  51  pib. 

Calculating,  for  each  of  EqkesNos.  11  and  13,  the  epicontral 
distances  (x)  by  the  foi-mula  a;^'^=C.86^"^+8.1*^*  we  find:— 

Eqke  No.  11    ....  Tokyo  ISO""" ;  Osaka  UV^"' 

Eqko  No.  13   .  .  .Tokyo  1-2.')    ;  O&ika  351 


*  TUh  Nnmliec,  p.  116> 


Digitized  by  Goo^^Ic 


Od  Uie  EhitlKiiiNkM  flC  tin  FiOi  Voknuk  CImln.  173 


As  Bhown  in  the  map  (Fig.  2),  the  origin  of  Eqke  No.  13,  deter> 
mined  by  the  intersection  of  the  two  circles  drawn  about  Tokyo 
and  Osaka  respectively  with  radii  proportional  to  the  distances 

here  obtained,  is  found  to  be  quite  close  to  the  island  of  Oshima, 
which  volcano  (f  =  H4  48'  N,  ;  =  180"  24'  E)  was  jjiobably  the 
real  centre  of  the  distuibaiiee.  The  origin  of  Eqke  Xo.  11  is 
similarly  found  to  be  about  70  km  to  the  south-west  of  the  island 
of  Hachijo.  The  Tokyo  epioentral  distance  of  Eqke  No.  7  was« 
according  to  the  calculation,  193  km  and  its  origin  was  probably 
near  to  Miyake-jima,  approximately  at  fssM"  3'  N,  A=139"  22'  E. 
These  three  earthquakes,  togetlier  with  the  shock  of  May  13th  of 
this  year,  thus  seem  to  Imve  origiiiatod  all  along  the  chain  of  the 
Izu  volcanic  islands  ;  tiie  otliers  iiaviug  their  con  ti  cs  in  the  same 
neighbourhood  or  southwards  in  the  vanity  of  Ogasawara-jima 
(Bonin  Islands), 

4.  MelaHon  beHoeen  the  earthquakes  of  the  Fuji  volcanic 
zone  and  those  ariginaiinff  off  the  north-^Mem  eotute  of 
Japan*  According  to  Table  III,  the  majority  of  the  larger  earth- 
quakes, which  belonged  to  the  Fnji  volcanic  chain,  and  whose 
area  of  ilisturbance  had,  in  each  cusi-,  a  longer  diameter  greater 
than  100  ri  (=^4u0km),  were  accompanied  within  a  day  or  so  by 
similar  ones  originating  elsewhere  in  Japan  or  oil"  its  north-eastern 
coasts.  Before  conceiving  any  relation  between  those  diflforent 
groups  of  earthquakes,  however,  it  is  necessary  to  examine  the 
average  frequency  of  larger  earthquakes  in  the  whole  of  Japan. 
This  is  indicated  in  the  accompanying  tiible,  for  those  years  in 
wliich  tlie  shocks  JS'os.  2,  3,  11,  13,  14  and  15  took  place. 
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TASUB       YBASZ.Y  NUMBER  OF  LAROBR  SARTBQVAXEa 

WHOI.B  JAPAN. 


Your. 

^tiniVcr  (^f  l^cjtccHf  wliose  lunil 
arcii  ut  diHttirlNiuco  wih  grtaitcr 
tfaui  1,000  wq.  H. 

Niuuboi  o£  Ki^kos,  wbune  lon^ec 
ax»  of  Uw  loca  uf  tlifeturbanoe 
wu  gnuet  Uiaa  100  ri 

1806 

88 

36 

1897 

26 

»i 

1896 

63 

51 

1900 

73 

1903 

7h 

1903 

69 

1904 

• 

60 

1905 

84 

1907 

71 

Tho  annual  earthquake  numbor  in  Japan  daring  the  interval 
under  considoiation  varied  between  34  and  84,  giving  the  aveisgo 
value  of  59«  which  is  equivalent  to  one  larger  shock  occurring 

ovciy  0.2  (lays.  This  is  7  times  lunger  than  tho  average  interval 
of  21.6  liuiii  s  (Table  YI)  between  the  (lifUicnt  eartliquakes  of 
the  Fuji  volcanic  zone  and  the  shocks  which  ucconipanied  tiiem. 
Hence  it  is  probable  that  the  eartliquakes  Nos.  2', 3^ 4',. . . 

which  either  preceded  or  followed  the  Eqkcs  Nos.  2,  3,  4  , 

were  really  related  to  these  latter. 

The  eleven  earthquakes,  2',  3',  4*,  may  be  divided  into  two 

groups,  {i)  and  (ii),  according  as  they  preceded  or  followed  thoso 
of  tlio  Fuji  vulcanic  zone,  us  shown  iu  the  following  table. 
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TABLK  VT    RIXATION  OF  THE  BARTHQUAKBS  OP  THE  FUJI 

VOI.CAMIC  zowa  TO  THoaxs  or  thb  other  ORiama 


Noa. 


Origia  of  the  Eqke  by  which  that  of 
tbe  Fiqji  Vcleniiie  Zone 


preceded.,  .(i) 


foUowed. .  .(ii) 


Time  intenol  by  which  Eqkc  of  tUo 

F^ii  VolsMiie  Zone  wm 


preceded  by  (i) 


foUowed  by  (ii) 


2'-a 

3-  3' 

4-  4' 
5'-5 

7'-T 

nr-io 

ll'-lO 


TolcyoBaj. 


Vicinity  of  Kyoto. 

1 Vicinity  of  Saznkji 
(Shtnaiw) 


N.pMtorYiUBRto, 


Inlaiklfim 


fOflf  tl\e  S.  ««..st 
1 1  if  >\i£;umi. 
OS  lliH  E.  itinal 
of  Mntsni. 
Off  U»  8K.  eOMt  of 
Am-XMaM 


(Oft  UlS  £.  OQABt  Of 

do. 


IOff  theoaiwtof 
HitadiL 


0 

8 

1 

16 

0 

W 

0 

<U)-  hoar 
I  19 


II  ail 

1  8 
1  2 


0 
0 


14 
18 


0 
1 


9 

S 


21 


0  23 


It  will  be  seon  from  the  above  table  that  there  is  apparently 
a  certain  regularity  in  the  order  of  occurrence  of  larger  earth- 
quakes along  the  difl^rent  seismic  aones.  All  the  earthquakes 
of  Group  (ii)  originated  off  the  north-eastern  coasts  (including 
Tokyo  Bay)  of  Japan,  while  those  of  Group  (i)  originated  in  the 
ctmtral  part  of  the  Main  Lsland  or  in  the  Inland  Sea.  Whether 
tlies(?  interesting  relations  are  fil-^o  fulfilled  in  the  futiu'e  ii  iiuiina 
to  be  scon.  It  is  true  that  the  Dumber  of  the  shoeks  of  (iroup 
(i)  is  too  few  and  only  four.  But  the  uniformity  of  the  Pacific 
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origin  of  all  the  12  sliocks  of  nrniip  (ii)  is  sUikiug.  Coniining 
onr  attention  to  the  latter  group  alone,  we  may,  as  a  provisionary 
conclasion,  suppose  that,  when  the  seismic  stress  along  the  Japan 
arc  reaches  a  maximum  limit,  and  an  earthquake  first  occurs 

along  the  Fuji  volcanic  mne,  an  equal  or  greater  disturbance  is 
likely  to  originate  after  about  one  day  off  the  eastern  coast 
of  Llie  Main  Island  or  Hokkaido.  That  is  to  say,  the  Fuji  mne, 
or  the  sorif'S  of  tlie  islands  belonging  to  it,  forms  a  very  sensitive 
seismic  belt,  and  gives  rise  to  the  earthquake  or  volcanic  emp- 
tion,  which  servos  as  a  fore-runner  to  another  in  the  northern  part 
of  the  principal  or  external  seismic  zone. 

5.  Voleanfe  ct*uption».  Of  the  three  volcanic  eruptions 
mentioned  in  §  3,  the  first  and  the  third,  \vliich  occurred  not 
veiy  far  from  Izu  islands  group,  resjXKjtively  at  Tori-shima  and 
near  the  Bayonnaiso  T'lock,  were  each  nerompanied  by  a  marked 
seismic  activity.  Thus,  the  eruption  of  Tori-sbima  took  place 
between  the  night  of  7th  and  that  of  Oth,  in  August  1902, 
the  larger  Japan  earthquakes  during  this  epoch  being  as 
follows : — 


Dato. 
(Aug.,  1902) 

Appi*oxiraato 

Time  of 
Occurrence 
ftt  Origm. 

Origin  of  Enrtiiqiiake. 

Longer  and 

Shorter  fixes 
of  Aioa  of 
DistarbMioe. 

7 

h  m 

0  86  pm. 

Bay  of  Tokya 

160 X  70 

M 

0  S2  pm. 

Off  the  coast  of  Mntsn. 

250x150 

8 

8  37  Am. 

Sftluun  (Slumoea). 

300x130 

It  may  be  udded  that  there  was  no  iarge  earthqnake  in  any  pnrt 
of  Japan  dm-ing  the  11  days  preceding  the  7th  of  August,  and 
also  during  the  U  days  succeeding  the  8th  of  August. 
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The  sabmariiie  eraption  near  the  Bayonnaiso  Bock  probably 
occurred  between  7th  and  13th  of  April,  190A«  (i.e.  simuLtaneously 
with  the  great  oatbursts  of  the  Vesnvius),  there  having  been  the 
following  six  earthquakes  during  the  7  days  from  4th  to  14th 

(Formosa  excepted) : — 


Date. 
(April,  1900) 

Approximate 
Time  of 

Occnrrence 
at  Origin. 

Ori^u  oi  Earthquake. 

Loiiger  and 
Shorter  axes 

of  Arfji  of 
Disturbance. 

4 

h  111 

10  04  am. 

Oft"  tlie  caa.st  of  l  akn7<en. 

rl.  rl 

i:U)x  70 

f) 

11  oO  am. 

„          „  Iwaki. 

240  X 180 

(1 
8 
9 

7  29  pm. 
2  52  pm. 
2  m  am. 

Off  the  E.  coast  of  Nemuro. 
J  <  )ff  the  E.  oomI  of  Awa- 

(    Kazusa  Peniusula. 
Off  tho  eoast  of  Twnki. 

:i50x  ? 
ir.ox  70 

2:5ux  ino 

11 

7  08  pm. 

NW.  part  of  Mino. 

140 X  90 

In  this  case  again  there  was  no  lai'ge  earthquake  in  Japan 

(Formo.sa  oxcopttnl)  diirinji:  tlie  11  days  prcccdinf^  the  4th  of 
April,  aiul  dnrinct  the  9  days  siiccccdinc:  the  11th  of  Apiil. 

6.  Ay>/e  on  vofcanlc  earthquahes.  The  eaithtiuakes 
originating  along  the  Fuji  volcanic  chain  are  probably  of  tlio 
volcanic  origin,  tliat  is  to  say,  they  are  the  effects  dne  to  the 
activity  of  the  volcanic  energy,  resulting  in  the  sudden  formation 
or  extension  of  a  subterranean  cavity  and  other  disturbances. 
Earthquakes  of  this  nature  iiocmI  not  iieees.Harily  be  small,  atid 
are  sometimes  tjuite  diflereiit  in  magnitude  from  those,  whieh 
accompany  actual  volcanic  eni])<ioiis  or  explosions  and  wliich  are 
of  parely  surface  origins.  As  instances  of  strong  volcanic  earth- 
quakes of  moderate  extension,  I  may  menfaon  the  shocks  on 
April  21  st  and  22nd,  1792,  which  preceded  the  final  catastrophe 
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of  the  Unsen-rfaA:e  (in  the  province  of  Hizcn,  Kyiisliu),*  wlvich 
caused  in  tho  town  of  »Shiinabara  some  damage  to  buildings  and 
oracks  of  the  ground  about  1  inch  in  width.  The  earthquake  of 
April  2,  1S68,  in  the  island  of  Hawaii,  which  attended  the  erup- 
tion of  Mauna  liOa  in  that  year,  is  another  example.  It  caused 
some  damage  to  bnildings  in  the  vicinity  of  the  mountain,  in 
addition  to  a  hindslip  which  prochiccnl  a  remnikalilo  tnud  stream. 
The  shock  at  Pompeii,  which  iiatl  caused  a  considerable  amount  of 
damage  to  the  buildings  in  that  city  Ifi  yeara  prior  to  its  final 
destruction  by  the  eruption  of  the  Vesuvius,  was  also  evidently 
of  the  same  category. 

The  proper  volcanic  earthquakes  are  thus  sometimes  strong, 
semi-destmctive,  or  even  locally  destnictive,  but  seem  as  a  nilo 
not  to  attain  the  magnitude  of  a  large  destructive  shock. 

Earthquake  of  May  ij,  igo8, 

7.  Different  shocks  on  May  13,  WOH,  As  is  usually  the 
case  with  stronger  earthquakes  of  the  Fuji  volcanic  zone,  the 
principal  shock  of  May  13th,  1908,  at  about  5h  23m  am.,  was 
accompanied  by  many  minor  ones,  the  earliest  of  which  occurred 

at  4h  44m  am.  on  the  same  dav.  The  following  table  is  a  list 
of  13  of  the  shocks  of  this  group,  wliicli  were  scnsiMc  or  were 
recorded  by  the  ordinary  Grey-Milne- living  type  seismographs  on 
the  Main  Island,  during  tho  course  of  the  next  24  hours;  the 
numerals  within  the  brackets  in  the  first  column  corresponding 
to  those  of  the  fore-shocks  (T&ble  on  page  99)  and  after-shocks 
(Table  X)  observed  at  Hachijo-jima, 

•  See  my  "  Note  on  Hm  Eioptioiw  of  tke  Umen-dnke  in  the  4th  ymr  of  KimMi  (1792)." 
Tlie  BuUfHHt  Vol.  I.  NOb  S. 
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TABUB  TIL— U»T  OF  THB  BARTHQVAKES  ON  MAT  13tli  AND  Uth,  1908, 

wmos  wi:rb  sbnsibli:,  or  werc  recorded  by  thb  OKonfAKr 

OIlAT-MIIiNX!.SWINa  TTPS  BEISMOaRAFHB. 


AppiDximnte 

time  of 
Occiiirence 
atOqgjn. 

Time  of 
Oocnmnoo 

Slight 
(iiiaaBafl)]^} 

LMay  13tli] 

h  iM 

4  44  am. 

U  m  s 

f  XumASEn  Xf A^stf • 

(mobi. 

b  (i) 

5  UGJam. 

— 





[  Huchijo-jinin, 
jNomjiza,  Kato, 
'KnmagM. 

e  (C) 

5  '£i  nni. 

5  23 '22  am 

TT       1   *  L 

1  JllW'JIlljO- 

1  jiiiui. 

1  Yokohama, 

!  UnmnmntHn 
j  Mnlstimoto, 
j  Tsn,  Kofu, 

^Kyoto. 

r  Tokyo.  Yokoeuka, 
;  llikone,  Oiinkn, 

Fnktuihimn.  Mito^ 
Yokosnka.  EVdndt 
Yaoi.  Waknyama, 
TolniiUmaf  Ok** 

d 

5  30  am. 

— 

Yckunka. 

Nomank 

•  {7) 

5  SIT  iim. 

637  39  am. 

Ifncliijo- 

jinui, 

Nngii- 

ItstUD. 

fNumium. 
ITki. 

iTukyo.  Mem, 
(Eofo,  Ibgogra. 

1  tikunliima,  Mito, 
YokuHnka,  Gifo, 

'  Hikone.  Vijfio, 

vOaaka. 

XofQ. 

lYotaihanm, 
INnmant. 

5  57  17  tiio. 

Yokohnma. 

1  Vokaaaika, 
I  Numnso, 

6  M  am. 

EqAi. 

7  08|ain. 

70405  am. 

KoCa. 

Nonaio, 

7  88  am. 

Kofo. 

i 

S  17  am. 

Kofu. 

k 

»  «  am. 

Kofa 

I 

»  54  am. 

Kofn. 

Nnmaen. 

.»-.| 

- 

fHndiQo'jimB 
tToln]li«iBa,lCofn. 

I  Mntsnmoto, 
(Numazo.  Uikana. 

*    ITie  tinief(  of  ocmmricr  in  Tnkyo  have  been  taken  from  fho  MillBiQgHBtB  fniDltlMd 

by  the  buriicoutal  x'X-'n^iulum  troniometer  of  120  timen  magnificntion. 

**  A  sliijH  (iructurjUe)  Hhftking  meanH  un  earthquake  which  is  iuseDsibie,  bat  w  c«ocxded 
by  m  onttnoiy  Omy-Uilne-Ewliig  tyiw  miiBKigroiiii. 
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F.  Ouiuh : 


The  shock  at  5h  23ni  am.  was  felt  strotir/h/  at  llachijo-jinia 
and  within  an  area  of  110  sq.  ri  on  the  Main  Island,  which 
covered  the  major  part  of  Izu  and  u  portion  of  Totonii,  causing 
stoppage  of  pendulum  clocks,  overflow  of  Hiiuids,  etc.  The  area 
of  moderate  motion,  about  1,780  sq.  ri,  extended  over  the  provinces 
of  Mikawa,  Totomi,  Suruga,  Kai,  Sagami,  Awa,  and  Kazusa ;  the 
total  land  aiHsa  within  which  the  motion  was  sensible  or  was  re- 
corded by  the  (ii-ay-Mihie-Ewing  t.yjx?  seisinograplis  being  8,010 
sq.  /•/.  At  the  1  lacliiju-jiniu  itself,  the  si'cund  shock,  Nvliicli 
followed  14  minutes  latei-,  was  felt  much  more  strongly  than  the 
first.  Again,  of  the  13  earthquakes  tabulated  above,  only  8 
were  sensible  on  the  Main  Island.  The  eartliquake  at  5h  37m  am., 
wliich  was,  according  to  the  seismographic  records  at  the  different 
stations,  of  a  magnitude  practically  ecpial  to  that  of  the  pi  inciiial 
shock,  had  a  niucli  smaller  land  area  of  disturbance  tluin  tlie 
latter.  This  was  probably  due  to  the  removal  of  the  origin  of 
the  second  earthquuku  furtiier  southwards.  The  areas  of  dis- 
turbance of  these  two  earthquakes  are  indicated  in  PI.  XXXIX. 

&  ^r^iminary  tremor  and  epieewtre.  Table  YII  gives 
the  times  of  occurrence  and  the  durations  of  the  preliminary 
tremor  of  the  two  principal  earthquakes,  deduced  fifom  the  I'ccoi'ds 
furnished  by  the  Umori  horizontal  pendulum  seismoiijaphs  at 
Tokyo,  Osaka,  Mito,  Mt.  Tsukul)a,  Nagano,  and  Hucliiju-jima, 
whose  multiplication  ratios  varied  from  lU  to  300  times.  The 
determination  of  the  moment  of  commencement  of  the  second 
shock  was  rendered  uncci'tain  by  the  supci'position  of  the  vibra> 
tions  forming  the  end  portion  of  the  first. 
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KABKS  Tni^TIMB  OP  OOCUBRBHCS  Aim  mnLATSCOt  OP  FMXUUniAXr 
TBBMOR  OF  VBS  TWO  FS2]IOIP4kI»  BABSBQVAXSSk  OBBBKVBD 
WETB  OMORZ  ROIBIZOllTAIi  PBHDDLTIMB. 


Time  of 

1 

Duration  of 

lustruiiiKut. 

Siutiou. 

Occurrence. 

(Mil.) 

Couipoueut. 

i'l-elimiimry 
Tremor. 

J 

I'enod. 

MultiplioaUoo. 

■to. 

NS 

•if! ' 

32.9 

28.0 

10 

fj 

a4.;> 

48.5 

Tokyo. 

l|              III  s 

27.4 

.1  7 

Ml  Ml 

» 

25.2(y) 

20.5 

120 

24.8(?) 

(J1.5 

15 

/  NS 

46.7 

30.0 

30 

5  2a  a5 

1  BW 
]  NS 

44.8 
42.9 

35.0 

4.0 

30 
90 

I  EW 

4.0 

90 

Mi  Tidkubn. 

6  23  41 

EW 

40.3 

4.0 

90 

Mito. 

5  32  48 

EW 

45.0 

38.8 

90 

EW 

39.7 

13.0 

20 

Mizttsavn. 

34  30 

Haohijo-jimtk 

5  ID  09(?] 

EW 

15.2 

4.5 

150 

Tokyow 

r»  H7  00 

1  " 

ao.5(?) 
a2.3(?) 

18.5 

10 

20 

/  NS 

40.1 

ao.o 

20 

(Jsaiku. 

5  a?  (K) 

EW 
NS 

45.7 
48.0 

25.0 
4.0 

20 
90 

[  EW 

48.5 

4.0 

9(» 

EW 

47.0 

28.8 

20 

EW 

34.()(?) 

13.0 

30 
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if.  Omod : 


The  duration  of  the  ])R'liiumai'v  ticuMH'  at  Tukvo  seems  to 
bo  somewhat  slioiter  ia  thu  EW  coinpoiiont  tluin  in  the  N8.  As 
a  provisionary  measure  I  have  adopted  the  value  for  the  latter 
component,  which  correBponded  nearly  to  the  longitudinal  wave. 
The  duration  for  Osaka  does  not  much  difo  in  the  two  com- 
ponents, which  may  therefor©  be  taken  together.  Table  IX  gives 
the  moan  dumtions  of  the  preliminan-  ticinor  ;it  the  different 
plaees  obtained  by  averaging  the  i-esulta  relatiiig  to  the  two 
cartliquakes. 


TABU  IZ—MXAlr  mntAVlOH  OF  VHB  FKBLEHIHART 
TRBIf OR  AT  TBS  SaTBRBMT  FLACB8. 


imitation. 

Dotation  <^  Ftolimiuary 
Tnmfx  B  If  (mean  «aZue). 

Epiceutral  Distance  —  x, 
culciilated  by  Ei^.  (3), 
page  146. 

Tokyo 

kn 

33.7 

339 

Osaka 

46.4 

396 

Mt.  TaukuUa 

40.3 

284 

Mito 

46.0 

323 

30.7 

280 

HaoibijO'jtuia. 

15.S 

112 

The  epioentral  distances  (.r)  given  in  the  3rd  column  of  the 
above  taltle  have  betai  calculated  from  the  durati^in  {i/)  of  tlio 
preliminary  tremor  by  the  e<iuation  x"'""=6.8G  + 8.1''"'.*  Drawing 
on  the  map  (Fig.  4)  the  circles  about  the  (I  different  places  as 
centres,  with  the  radii  proportional  to  the  x  thus  obtained,  the 
points  of  the  mutual  intersection  are  found  to  be  quite  close  to 
one  anotlici's,  except  those  relating  to  Nagano.  The  approximate 
position  of  the  epicentre  marked  on  the  map  by  a  small  cross 


*  'Xliw  Mnjubw.  p.  1«. 
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(x),  is  at  aboat  9-9Sf  W  N,  i^l88^  66'  Ej  nearly  midway  between 
the  island  of  Haehijo  and  Gape  Omae*zaki  of  Totomi.  (See  Fig.  3.) 

9.  JB^re-Bhoeks,  The  earthquake  at  5b  23ni  am.  was  pre- 
ceded by  5  minor  precursory  disturbances.  These  furnish  a  very 
inUrestiiig  example  of  the  occurrence  of  the  "  fore-shocks "  of 
earthquakes,  and  liave  boon  discussed  in  another  article.  (This 
Number,  p.  90.) 

10.  J/Ur-'»hoek8*  Table  X  gives  the  time  of  occnrience. 
the  duration  of  the  preliminary  tremor,  and  the  maximum  range 
(=2a)  of  motion  in  the  EVV  direction  for  the  12  after-shocks, 
which  immediately  followed  the  two  principal  earthquakes,  the 
observation  liavin^^  been  made  at  the  meteoroloiiical  obsen-atory 
of  Hachijo-jinia  with  an  Omori  horizontal  tremor-recorder  of  150 
times  magnification. 


TABI»  X-^AFTBIMnOCKB  OBBBBVBD  AT 


No. 

Time  of 
Occurrezuse  at 
Hacliijogima. 

Total 
Dnratioo. 

Dnmtion  nf 
l^relitninary 
Tramor. 

Alax.  2a, 

1' 

)l          in  ft 

6  55  02  am. 

m  * 

16.5 

mm 

0.19 

2' 

5  57  13 

5  15 

16.1 

a34 

3* 

6  13  14 

1  30 

15.1 

0.037 

4' 

6  20  4fi 

5' 

33  44 

0  30 

14.0 

0.030 

C 

6  86  55 

0  50 

0.087 

7' 

6  55  14 

0  50 

15.3 

0.037 

8' 

7  03  55 

2  <I0 

16.3 

0.090 

9' 

7  23  00 

1  10 

15.9 

0.030 

10' 

7  28  30 

0  50 

10.4 

0.020 

11' 

7  49  00 

1  40 

14.(5 

U.02() 

Vi' 

H  on  40 

0  :») 

— 

O.Ulfi 
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F.  Onuiti :  On  the  EvtliqiinkM  of  Om  Fnji  Voleimie  Ohoiii. 


Except  the  first  two,  all  theso  Bliocks  were  very  smalL  The 
duration  of  the  preliminary  tremor  for  the  diffei-ent  cases  varied 
between  14.0  and  16.5  boc.,  giving  the  avcraj^e  vahie  of  15.6  sec., 

wliich  coiTOspoiuls  to  an  cpicontral  (listanco  of  about  107  km  fioiu 
Hachijo-jimH,  probal)!}'  to  the  NW  of  the  iattt»r.  The  successivo 
time  intervals  between  the  12  after-shocks  were  as  follows : — 

2*11» 


16  01   {•) 

7  32 

12  68   (•) 

S  11 

18  19    (♦) 

«  41 

10  or,    (♦) 

20  :{()    (•) 


11  40 

It  will  bo  obscrvod  that  every  alternate  intervals,  marked  by 
attieriakit  varied  from  about  13  to  abont  10  mimitos  and  were 
mnch  longer  than  the  intermediate  ones. 

Tlio  two  piinoiple  carthqiiakos  on  the  wcic  followed,  in 

accordanco  witli  the  characteristic  of  the  disturbances  alnnir  the 
Fnji  volcauic  chain  (§  4),  by  the  two  following  sluicks  which 
originated  along  the  noiih  oaatem  coast  of  the  Main  Island : — 

(  May  14th:  10.1>7  am  Origin,  central  pnrt  of  HitachL 

1    „    15th:  10.40  am   „    ,  S.  part  of  Riktusen. 

Tliere  was  no  shock  of  the  land  area  of  disturbance  greater  than 
1,000  sq.  ri  for  the  8  days  after  the  2nd  of  the  above  earthquakes, 
and  for  9  days  14  houra  preceding  the  1st  shook  on  the  13th. 
(See  Table  III.) 
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The  Altmr-idioGkB  of  the  Zenko(ji  (1847)  and 
the  Tenpo  (1830)  Earthquakes. 

By 

F.  ONOKI,  Sc.  D., 

Member  of  the  Imperial  ILu  tliqualce  Investifjntion  C'omuuttee. 

Wltii  Pli.  XL  ma  ZU. 
CONTENTS. 

.  §  1.  Ttilrcklndirtii. 

$  2.   Arter-nhacka  ot  Zcukoji  Eaitlitiuitke. 

f  8.  Fkvqnenejr  ttt  nftoMdiodn  ot  Zsnlaidi  Svtliqmke  «oibimi«c1 

with  tluit  of  Miuo  Owiiri  EnrtluiivOce. 
S  4.  After-tibuvkii  of  Tenpu  EMUiqmk*  at  1930. 
(  5.  CompAittiaii  bgCwwa  fln  atltmboA  tstqoiatdm  of  Teiqpo  Mid 

Miix>C»waii  Ei»t]»itin1(«M. 
i  6-  C'oaelnsiutt. 

1.  Jn<ii'o<l»«ee{on.  The  present  note  gives  an  acconnt  of  tlio 
frequency  of  the  after-shooks  of  the  two  gimt  Japan  earthquakes 
of  Zenkoj!  and  l^cnpo,  based  on  the  old  records  given  in  the 

Dai-Xippm  JUhhi  Shirt/o  ("  Mahu'ial  for  the  Earthquake  History 
of  .Tni^n."  No.  4G  of  the  licpiut  [Jiipain'sc]  of  the  innx.M'ial  Earth- 
quake Investigation  Coiniiiittce,  '2  Vols.) 

S>  After-'^oeks  of  il^e  Zettkqfi  earil*4iuetkeB*  The  daily 
number  of  the  after'shocks  of  the  great  Zenkoji  earthquake  of 
May  8,  1847*  recorded  at  Matsnshiro  by  an  official  in  the  service 
of  the  fcndal  lord  of  that  place  aw  given  in  Tables  I  and  IT,  re- 
spectiveh^  for  the  hr.st  31  days  and  for  an  iutorval  of  the  42  days 
between  Nov.  20,  1H17  and  Jan,  0,  1848.  Tliere  were  also  many 
jinari,  tlieir  innnber.«(  not  ]>eing  inchided  in  the  figures  of  Table  I. 
The  city  of  Matsushiro  is  about  10  km  to  the  south  of  the  middle 
point  of  the  epifocal  eone. 

*  A  «hnflt  amonnt  oC  Hie  Zmikoj/l  onithqnnhe  lum  been  given  iu  p.i*.  136-143^  <it  thta  Nvmber. 
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TJJBLB  L— 1I4TLT 
BARTBQVASD  OF 


or 

4,1847. 


AFTBBFaaOCXB  or  VBM  ZBHKOJX 

o-jmiii  7. 1847.  MATauaaiRO. 


iiftM. 

Number  of 
Barthqiialces. 

Nainber  of 
Earthquakes. 

Maj  8 

HI 

May  24 

16 

9 

69 

or 
25 

10 

56 

26 

Af 

25 

11 

80 

27 

7 

-ff  £1 

12 

82 

OA 

10 

Hi 

86 

AA 

29 

1*2 

14 

52 

JWI 

17 

15 

:t9 

HI 

3 

16 

57 

June  1 

IB 

17 

43 

2 

20 

18 

29 

H 

n 

19 

20 

4 

8 

20 

:J7 

14 

21 

IG 

(> 

13 

22 

31 

i 

7 

23 

.1 

930 

TABLB  IZ.~DAIIiT  NUMBCRB  OF  THB  AFTBR-aHOCKS  OF  THB  ZBNKOJI 
BASTBQVAKB  OF  MAT  8, 1847.  MOV.  89. 1847- JAN.  9. 1848. 


Date. 


Earthquakes. 


I 


Strong. 


Modwaia,  Rmall. 


Jhmri     Total  Nomber. 


1847 

Nov.  29 
30 


I>ec. 


1 
2 

'A 
4 
5 


2 


2 
1 

n 

4 

n 

o 
o 


H  1 
-  I 


4 
1 

3 
9 

7 

4 
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TABLE  n.  (Cu,<(.) 


1 

Eiurthqnakes. 

1 

1 

Date. 

Jiuxri. 

Totikl  Nnmber. 

Strong. 

1M7 

Dm  6 

3 

MM 

7 

1 

_ 

8 

1  ^ 

1 

3 

1 

1 

2 

2 

1 1 

1 

1 

1 

1 
1 

o 

JLO 

2 

14. 

1 

X 

i 

1 

2 

K 

15 

1 

1 

XV 

1  ^ 

17 

1 

1 

1 

1 

5 

18 

1 

1 

1:' 

1 

u 
O 

20 

21 

6 

1 

2 

11 

23 

1 

8 

24 

1 

1 

25 

1 

1 

2(5 

1 

27 

J 

4 

28 

— 

29 

ao 

1 

1 

81 

2 

5 

2 

9 

1848 

Jan.  1 

»> 

2 

1 

3 

3 

1 

2 

4 

2 

3 

•"> 

10 

(> 

4 

7 

t  \ 

2 

8 

~i 

5 

2 

10 

9 

1 

u  1 

67 

39 

16 

134 
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F.  Omori: 


KBCOBDIBD  AT  TRB  MBTBOBOLOaiCAL  OB8IIRVATORT  OF  MAOAHO. 

1888—1907. 


MODttL 

1 

I 

1 

\ 

in 

1 

IV 

V 

VI 

1 

1 

Vll 

vm 

IX 

1  1 

'  1 

1 

•  ( 

— 1 

XI 

xn 

Sum, 

"  : 

1 

1 

1 

II 

1 

1 

0 

U 

0 

0 

0 

1 

II 

4 

IMO  j 

a 

0 

u 

1 

0 

1 

0 

0 

1  ^ 

0 

0 

i 

18111 

0 

0 

0 

0 

1 

0 

1 

0 

0 

i  a 

1 

'i 

7 

ion 

1 

1 

») 

0 

0 

0 

0 

n 

;  0 

1 

3 

G 

im 

0 

1 

.  1 

0 

(1 

0 

• 

0 

0 

!  « 

a 

0 

4 

1«M 

0 

0 

n 

t) 

0 

II 

0 

II 

0 

i  1 

0 

0 

1 

IflW 

s 

u 

0 

1 

0 

0 

0 

0 

0 

i  0 

0 

0 

3 

18M 

9 

1 

1 

0 

1 

a 

2 

1 

\  ® 

1 

0 

0 

la 

1897 

4 

2 

0 

5 

a 

1 

1 

0 

i  ^ 

2 

1 

a3 

1898 

0 

0 

4 

U 

1 

1 

1 

1 

0 

|10 

a 

1 

ai 

IIW'J 

1 

0 

4 

■i 

1 

I) 

1 

0 

II 

II 

2 

II 

1-2 

itmo 

I) 

:» 

1 

1 

II 

1 

0 

n 

u 

II 

H 

lUUl 

1 

0 

0 

(1 

•> 

•J 

i 

ij 

:t 

12 

*i 

u 

0 
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1903 

1 

1 

1 

0 

0 

0 

a 

a 

0 

1  u 

0 

0 

7 

1U04 

0 

0 

a 

0 

1 

1 

u 

0 

0 

'  1 

1 

3 

» 

r.K)5 

1 

1 

1 

1 

1 

4 

A 

•2 

0 

a 

1 

0 

19 

VJ(H\ 

o 

2 

4 

•2 

•2 

3 

1 

a 

[  1 

0 

a 

aa 

iU07 

0 

1 

1 

1 

1 

1  ') 

i 

1  4 

a 

a 

0 

1 

a 

a4 

The  nuinlRTs  of  the  ufk'r-sliocks  oi  tlic  Zoiikoji  cartlMiUHke  for 
the  tirsfc  6  infcei-vala  o£  5-days  each  conimouciiig  witli  May  D,  the  day 
after  the  gmt  cutustropLe,  wei-e,  according  to  Table  I,  an  follows: — 
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X 

5-diiy  lutei'val. 

(mi7) 

Obsevvud  dumber 
of  AfteiHBhxxsks 

=  >/ 

Ciilculiitetl  Nuiubor 

of  After-shocks, 

U 

Miiy   D— Mny  ly 

m-i 

438 

1 

„    14 —  „  18 

220 

177 

0 

w 

„    19-  „  23 

125 

111 

:{ 

..    24-^  28 

G9 

81 

„    29-- June  2 

fi5 

63 

5 

June  3 —  „  7 

47 

63 

Doiiotiii<^  tlio  5-(lay  interval  and  its  coiTer^poiidin;^;  aftor-shi.)ck 
fiH'iliu'iiey  nisiKJctivoly  by  .r  and  '/,  and  culcidatinir  tho  constants 
of  my  c'(iuation  for  tlie  freijuoncy  of  aftci  -shocks,  wo  ubtaiu  from 
the  foregoing  table  the  following  formula: — 

29«.4 


.(1) 


!r+ 0.676 

The  valut'S  of  calculated  by  this  e([nation  for  tlic  difll'renfc  .r's, 
g^veii  in  the  lust  cohnmm  uf  the  jiliovc  table.  nia>'  l)e  regarded 
ou  thu  whole  to  be  approximately  equal  to  the  actual  after-shock 
frequencies. 

Calculating  by  means  of  Kquatiou  (1)  the  seismic  frequency 
865 

for  =73,  we  find  : — ^=4.0.   Hence,  6y=24  gives  tl^  pro- 

o 

babl(;  imiiihcr  of  tlie  after-shocks  dmiiiir  i\w  one  month  exactlv 
one  year  after  tiie  initial  jj,reat  earthqtialNe,  nainL'ly,  dining  the 
oO  days  between  April  27  and  May  2G,  lb4d.  The  actual  number 
of  the  shock  dumg  this  interval  was  37. 

Again,  calculating  as  a  trial  the  seismic  fi'oquoncy  for  50 
years,  we  And  : — 

y =0.081  J  l^xy^o,0. 
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Thus,  aceortlii)L;  ti»  Ei|iiutiuii  (1),  the  aiiiinal  IVequeiicy  (of  tho 
after- shocks  only)  at  Mutsushiro  .">()  years  after  tiie  Zenkoji  earth- 
quake, should  be  approximately  6 ;  indicating  a  possibility  of  the 
continuance  of  a£ter*shocka  of  a  violent  and  great  catastrophe  for 
over  half  a  century.  For  the  sake  of  I'eferenoe,  I  give  in  Table 
ni  the  3^rly  numbers  of  the  sensible  earthquakes  recorded  at 
the  inetcorologiual  ubsLivatuiy  of  Nai^'aiio  (Zonk()ji)  durin;;  liie 
It)  yeai6  Ixjtween  1889  and  1007,  The  mean  uf  the  two  last 
iianied  years  is  1898,  wliich  is  51  years  after  the  date  of  the 
earthquake  in  question,  and  the  average  annual  seismic  frequency 
during  Uie  10  years  was  10.6,  which  is  equivalent  to  the  sum  of 
tho  yearly  number  of  the  ordinary  eartliquakes  and  that  of  the 
after-shocks,  if  any. 

8*  ^requenc!/  of  after'ahoeks  of  the  Zetikuji  earthquake 
compared  with  tFuit  of  the  MifW'Owart  earthqff  nhe.  The 

after-shoeks  of  the  Zenkoji  earthquake  were  nioro  ininu  loiis  than 
those  ol  tlie  Aiisei  eartliquake  of  Dee.  21,  1854,  reoorded  in  Tosa, 
and  of  tho  Nemuro-Ivushiro  (Hokkaido)  earthquake  of  Marcii  ^2, 
1894,  racoixlod  at  Nemnro. 

The  following  table  givos  tho  daily  number  of  tho  aft^-shocks 
of  tho  Mino-Owari  earthquake  for  tho  SO  days  between  Nov.  B 
and  Dec.  2,  1891,  recorded  imtrumeninllii  at  tlie  meteorological 
oLi.scrvatory  t)f  Gifu.  (The  after-bhocks  of  tlie  Mino-Owari  tjarth- 
'jtinke  liave  been  diseusscd  in  detail  in  tlie  .lour.  8e.  Coll.,  Tokyo 
Imp.  Univ.,  Vol.  Yll,  and  tho  Publications  of  the  Earthquake  luv. 
Comm.,  No.  7.) 
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TABLE  rV.-AFTER-BHOCKb  or  imi  MINO-OWAHI  EARTHQUAKE  OP 
OCT.  9B,  IWX.  OBaSRTBD  AT  THB  XBVBOROIiOaiCAXi 
OBSSRTATOAT  Cff  OIFIT.  HOT.  3-PIia  %  1881. 


1  rillG, 

T>ailjr  I?ninber 
of  Eqkea. 

Daily  Nninuer 
o<  Eqkea 

"Kew  ^ 

17 

■if 

4 

78 

20 

83 

5 

21 

21 

(57 

22 

12 

7 

4r> 

23 

23 

8 

42 

24 

18 

9 

44 

25 

9 

10 

40 

2(> 

15 

11 

36 

27 

11 

12 

40 

28 

IC 

13 

n5 

29 

19 

14 

29 

30 

14 

16 

29 

Dec.  I 

7 

Id 

28 

2 

16 

17 

"21 

18 

18 
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The  variation  with  time  of  the  after-sliock  frequency  at  (lifii 
(lurins!:  the  30  days,  beiiinninir  with  the  (Jth  dav  after  the  initial 
disturbaiice,  is  graphically  sUdwu  in  Fig.  2.  It  will  be  olfservtHl 
that  the  mean  carve  resembles  in  fjeneral  that  in  Fig.  1»  which 
indicates  the  similar  relation  for  Matsushiro  with  respect  to  tlie 
Zenkoji  earthquake,  during  the  30  days  beginning  with  the  2nd 
day  after  the  latter.  Further  the  total  nnmbers  of  the  afler^shooks 
of  these  two  great  earthquakes  durinjof  the  respective  30  days 
intejvals  were  neai'ly  alike,  namely,  911)  and  about  000, 

The  iulltJwinLT  is  a  comparison  of  tlie  nfter-shock  fiequcncii  s 
of  the  two  earthquakes  under  cosiderati<in  during  the  30  days» 
respectively  (i)  7  months  and  (ii)  1  year  after  tlieir  occarrcncc : — 
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Zenkoji  Ecjke. 

Mino-Owari  Kqko. 

HO  dajs  Inteiral. 

Nxmilier  of 
After-shocks. 

30  dajB  IntdrraL 

Numl)er  of 
After-shocks. 

(i)  Dec.  1-30, 1847. 

-...1  April  27-May 
^"^126,  1848. 

(7H  shocks. 
|l2  sounds. 

127  shocks. 

]  nnineioiiB  aonnds. 

(ii); 

Miiy  28-Jniie 
2<;,  1892. 

Oct.  28 -Nov. 
27,  1892. 

r2:\  sliwks. 
|ll  souuds. 

I'iG  shocks. 
1  8  sounds. 

Hereby  it  is  to  be  noticed  that  the  record  of  the  Mino*Owari  after- 
shocks,  which  was  made  instrumentalty  at  the  meteorological 
observatory  of  Gifu,  includes  a  nnmber  of  insensible  shakings  and 

may  be  taken  to  bo  much  more  accurate  than  that  of  tlio  old 
Zenkoji  sl)0fks.  wliich  was  (varriod  on  with^mt  itifiti iinieiilal  aid. 

From  wluit  lias  been  said  above  it  stHinsi  tliat  the  number 
of  after-sho(?ks  of  the  Zonkoji  earthquake  of  11*147  was  not  less 
than  that  of  the  Mino*0\vari  eartliquake  of  1801. 

4.  AfteT'-ahaeks  of  the  Tenpo  eairihquake  of  1830,  The 
earthquake  of  the  Ist  }'ear  of  Tenpo  (1830),  on  Aug.  19,  -which 
caused  considerable  damage  in  the  city  of  Kyoto  and  the  vicinity, 
was  followed  bv  uumerous  aftcr-shoeks;  whoso  dnilv  numbers  at 
Kyoto  are  given  in  Table  V  ;  their  total  Tiiimlu  r  in  tlie  interval 
of  n  months  up  to  Feb.  'JK,  1831,  bciii^r  081.  Tho  number.^  of 
the  after«shock»  during  the  successive  intei-vais  of  BO  days, 
denoted  by  .r=0, 1,  2,  3,  4,  and  5  mspectively,  were  as  foUows : — 


30  dnys  TntervnL 

Nnmber  of  Iho  after- 

nbocks  nrtiuUr 
iwonkd  at  Xyoto^ii'. 

Nnmlior  of  the  after- 
HbodcB  colcukitcil 

Aug.  20.  l8:J0-S<^pt.  18,  18:«). 
Sept.lJI,    ,.   'Oot.   18,  „ 
Oct.    in.    .,    -Nov.  17,  „ 
Nov.  ;18,    „    -Dec.  17,  „ 
Dec.  18,  „  -Jftn.  ll»,  1831. 
Jan.  17,'.l83l-Feb.  15,  ., 

.-502 
111 

no 
r>7 
71 
33 

nm 

8(5 

u;t 

50 
41 

n 
1 

o 

:i 
4 
5 
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The  relation  between  the  time  x  and  the  conesix)ncling 
seismic  frequency  iUastrated  graphically  in  Fig.  3,  is  found  to 
be  as  follows : — 

237.9 
^~  aj-j-0.777 

The  figni-os  in  tlic  last  coUimn  of  the  preceding  table  have  been 
calculated  by  Ef|uati(iii  (2).  As  a  trial,  putting  .r=fiOx  12=:72(» 
(or  appimimatciy  00  years),  we  find  >/=0.33.  Hence,  12i/=:i  i« 
the  approximate  calculated  value  of  the  annual  seismic  frequency 
in  Kyoto,  about  60  years  after  (ho  earthquake  in  question, 
pfOTided  its  after-shooks  be  supposed  to  have  been  continued  for 
80  long  a  time  interval.  Now,  the  value  of  x  considered  above 
corresponds  to  the  year  1890,  and  the  average  annual  number  of 
earthquakes  I'ccorded  at  the  Kyoto  mcte<M'ological  obsers'atory 
during  the  11  years  iHtwtH  ii  18X5  and  1805,  was,  us  shown  in 
the  following  list,  approximately  5,  agreeing  fairly  well  with  the 
result  deduced  from  Equation  (2). 


TBABLT  MUMBBR  OP  BABSBQUAKIS  nr  XTOTO.  USS-ims. 


Tear, 

Number  of 
Earthqiuikes. 

Yeur. 

Nn)iil)nr  of 
Eartii(|Uftko8. 

1885 

5 

1891 

102* 

188fS 

9 

1893 

26* 

1887 

a 

1893 

5 

1888 

5 

1894 

6 

1889 

2 

1896 

14 

1890 

2 

5 

•  The  niiml>en<  for  IKH  find  Jinvo  licea  omitU<<l  in  tnkiog  Uio  mfinn,  na  flie  majority 
ct  a»  (Uiliirlianrat  in  ttneiNi  tm  tmivb  wavn  the  jiO«r-riioe1u  of  Ow  WnoOmiii  emtbqniihe  at 
Oct  98,  mi. 
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TABU  ▼.— DAI&T  mnUBBRB  OF  TSOt  AFTBR-OBOGKB 
OP  TBB  KTOTO  BAHTBQTJAKB  OP  AUO.  19,  1830. 

KTora  Aua.  ao^  i830-PBa  m,  ua.. 


V  o.riY. 

]8;!() 

1831 

Uoatb. 

Day.  ^''--^.^^^ 

IX. 

X 

XI 

XU 

J 

n 

1 

13 

4 

9 

3 

3 

2 

11 

4 

G 

3 

0 

2 

s 

12 

2 

i 

3 

4 

2 

4 

11 

1 

1 

1 

4 

1 

5 

4 

1 

4 

2 

4 

2 

« 

2 

3 

9 

1 

2 

0 

7 

3 

9 

I 

1 

1 

8 

« 

4 

1 

3 

3 

1 

» 

a 

n 

2 

3 

2 

:» 

10 

5 

:» 

r. 

1 

3 

1 

11 

5 

;j 

0 

'2 

4 

2 

13 

« 

4 

7 

2 

2 

1 

13 

e 

4 

4 

2 

1 

0 

14 

19 

3 

5 

1 

2 

3 

15 

7 

4 

5 

1 

3 

3 

16 

:\ 

♦ 

1 

1 

4 

2 

IT 

■i 

1 

2 

1 

II 

J 

1ft 

a 

3 

•> 

0 

2 

1» 

(Gr  ■  it 
Eiikc.) 

s 

3 

9 

4 

1) 

3 

90 

SO 

1 

3 

0 

3 

0 

2 

91 

90 

It 

1 

1 

•2 

0 

2 

n 

SO 

4 

3 

1 

:t 

0 

3 

V!:« 

20 

1 

4 

2 

3 

1 

0 

24 

I -2 

2 

•> 

2 

0 

0 

9& 

13 

3 

a 

3 

1 

1) 

0 

96 

13 

0 

s 

3 

2 

1 

0 

97 

1$ 

0 

3 

3 

2 

0 

0 

98 

13 

e 

6 

9 

0 

0 

p 

99 

13 

1 

3 

O 

3 

2 

13 

4 

1 

9 

2 

2 

Vi 

1 

•J 
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5,  Comparison  betweni  the  after-Hhock  fretiueticli'i*  of  the 
Teitpo  and  MinO'Owarl  earthquakes.  The  following  table  gives 
the  namber  of  after-shocks  dtiriDg  the  saocedsive  30  days  intervals 
for  the  Tenpo  and  Mino-Owari  earthquakes,  begiiming  respectively 
vrith  the  2nd  and  the  42nd  days  after  the  initial  disturbances. 


Tenpo  Eqke  of  1830  (Kyoto). 

Mino^wari  Eqke  of  1891  (Qlfa). 

80  days  Interral. 

Number  of 
Aftar-shooks. 

30  dajs  laterraL 

Nmobar  of 
Alter-diocki. 

(Cummendng  with  Uie  2uil 
dugr  II&9C  tha  Eiatbqaake) 

(ComtnenciDg  withas4Siid 
•an  the  Eittthqiiake) 

«=0 

302 

D«e.  8,1801-Jaik 

294 

.  1 

111 

Jan.    7, 1883-Ibb.  » 

110 

2 

90 

72 

3 

67 

IbiahT,  M  -April  5,  ,» 

62 

4 

71 

Si  n  -May   6.  M 

78 

5 

33 

Mh7   a.  I.  ^0119  4i  « 

37 

The  numbers  of  the  Mino>Owari  after-shocks,  which  are  the  num- 
bers of  the  earthquakes  Insimmontally  observed  at  Gifu  and  do 
not  include  the  cases  of  the  Jinarit  or  mere  sounds,  will  thus  be 
seen  to  be  very  nearly  equal,  on  the  whole,  to  the  corresponding 

figures  for  the  Tciipo  eartlKjuake.  That  is  to  say,  the  monthly 
aftcr-shnck  frw^nency  during  the  earlier  epoch  oi  the  latter  earth- 
quake was  practically  identical  with  that  of  the  former,  with  a 
time  retardation  of  40  days.    (Sec  Figs.  3  and  4.) 

0.  Conehi9ionm  The  foregoing  §§  seem  to  indicate  that  the 
after-shocks  of  great  earthquakes  are  governed  by  time  relations 
which  are  more  or  less  alike  in  the  different  cases.  The  three  dis- 
turbances of  Zenkoji,  Teni>o,  and  Mino-Owari,  all  originated  along 
great  curUi((iuike  zones,  tlie  >iinilarity  of  the  causes  probably  tend- 
ing also  to  the  siiuilarity  of  the  phouomcnu  of  after-shocks. 
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Note  on  the  Seismic  Stability  of  the  Piers  of  the 
Naisha-gawa  Railway  Bridge^  Formosa. 

Member  of  flie  Impttial  EfutliqiiAlce  JAvesUgatioii  Committee. 
With  Pis.  XIiTI  &  XLUL 

In  ooimection  vdth  tko  seismic  experiiiu»its  on  the  fracturing 
and  overturning  of  oolumns,  described  in  the  "  PuUications  of  the 
>:4irth<iuake  Tnvestigution  Committees**  No.  4,  1  have  used  for  the 

Iructuriiig  tlio  lormula 

if// 

ill  vrhich  the  different  symbols  have  the  following  significations : 

a  =  Acceleration  of  the  eui-th<|uuku  motion  uecessnrv  for  fratttnriug 

a  givciu  coiurau,  supposed  to  be  nnifoiin  in  section  or  else  to 

hav«  a  verticnl  axis  or  piano  of  s_y  iiiinetrv. 
J/  —  Acceieratiou  '1""'  to  the  gravity  =  9,800  mm/sfMr. 

Tensile  streugtlx  ut"  the  cohuun  at  the  H^ictttm  uf  iUu-tiux'. 
Xo=  Half  width  of  the  section  of  fracture  iu  direcUou  panfcUel  to 

the  earth<|nnkc  motion. 
J'  —  Height  of  ih&  ceuU-o  of  gruvit^'  of  thu  portiuu  ubove  Uie  suctiuu 

of  fiiurtiire. 

ly^  Weight  of  the  fiuciured  portion  of  the  oolanin. 

In  the  practical  application  of  the  above  formula  to  the  calcuhition 
of  tho  stnngtli  of  bridj^'c  piers,  chimneys,  walls,  etc.»  there  is 

always  a  great  uiurertainty  rospcctinj^  the  value  of  the  tensile 
strcuj^tb  F;  it  bt'big  iiapossilik-  tliat  each  of  such  musoiuy  struc- 
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turns  should  have  a  perfect  homogeneity  of  strength  of  matoiial. 
A  column  is  therafore  broken  by  the  earthquake  shock  at  the 
weakest  place  near  the  theoretical  section  of  fracture.  Again,  a 
brick  stincture  of  large  dimensionB  requii'es  a  certain  lengtli  of 
time  for  the  hardening  of  the  mortar  joints,  such  that  the  latter 
would  1>(>  a  '/ood  deal  compressed  before  their  conversion  into 
porf(!ct]y  sulid  clustic  bodies.  From  tins  latter  circumstance  it 
seems  tliat,  at  the  mortar  joints,  wliere  the  brick  work  is  almost 
invariably  broken,  tension  will  tend  to  set  in  immediately  with 
the  bending  of  the  column.  From  these  considerations,  I  liave 
in  my  former  papers  simply  taken  the  tensile  strength  of  the 
brick  work  into  consideration.  For  certain  roasomy  struetnres, 
however,  we  may  more  logically  take  the  quantity  F  in  tlie  above 
eiiuntion  as  dcnotijig  the  tensile  strength  of  the  luateriiil  increased 
by  the  weight  per  unit  area  of  the  section  of  fractuitj  of  tlie 
mass  above  the  latter ;  it  being  absolutely  necessary  for  the 
practical  aj^Iications  of  the  results  that  the  strength  of  the  material 
shotdd  not  be  over>6Stimated.  Let  us  now  consider,  as  an  example, 
the  seismic,  stability  of  the  tall  piers  of  the  Naisha-j^awa  bridge 
in  Formosa. 

The  single  traek  Xaislia-i/a/ra  bridge  un  the  Forim>sa  main 
liiilway  hne,  consists  ui"  nine  (UK  plate  girders  supported  by  two 
ubulmeuts  and  eight  piers  of  masonry  (Fig.  3),  with  enibinkkKl 
iron  fi-anie.  As  the  ground  is  of  a  soft  rocky  formation,  there 
is  no  wcU  sinking,  tlie  heights  of  the  pi^nrs,  including  the  thickness 
of  the  fDundation,  being  as  follows : — 


Northern,  or  Tuihoku-eiul,  Abatiuent. 


No.  1  Pier 
No.  2  „ 


..  .  9*2  6i 
,..iU  6 


70  7 
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Nu.  4  Pier   lU'  o" 

\o.  5  „   in  •^ 

No.  (i  110  a 

No.  7    „   105  O.o 

No.  H   105  0.5 

Houihuni,  ur  Taichu-uud,  Abatmout  4U  9 


Thus  tlu!  six  piers  Xos.  ;5  to  8  are  each  taller  lliau  1U."»  ,  the 
eonstntetiuii  in  masonry  of  tht'su  high  picis  liavinjj:  been  noocs- 
sitatcd  by  the  iM>euHar  conditions  of  chmato  in  nnosa,  wiiich 
causo  irou  spikes,  bolts,  etc  to  rust  quickly,  and  which  i-ondcr 
the  maiiiienanoe  in  proper  manner  of  high  trestle  works  of  iron 
extremely  diffienlt. 

Weakest  teeHon*  In  cousideriug  the  seismic  stability  of  the 
liij;h  piers  of  the  Naisha-jjaira  bridge,  we  must  first  determine 
the  appiuxiniate  pcsitiou  of  the  weakest  section,  or  the  height 
where  these  structures  me  hkely  to  Im  broken  in  case  of  a  violent 
earthquake.  If  each  of  the^(  ]iiers  be  regarded  as  a  "  tall  column," 
it  woald  beliave  as  a  high  brick  chimney  and  bo  broken  by  the 
oarfcliquako  shock  at  about  two«thirds  of  its  height  If  the  column 
be,  on  the  other  hand,  regarded  as  a  "short  column,**  then  it 
would  be  weakest  at,  or  near,  the  base.  TIius  it  is  first  necessary 
to  determine  the  length  of  the  vibration  jwrioJ,  which  is  projicr 
to  each  of  the  colnnins  and  on  wliich  depends  the  classilicalioii 
of  the  latter  with  respect  to  tl»e  height  of  (he  section  of  fraclure. 
The  period,  whose  exact  value  can  only  be  found  from  an  actual 
mcasm'emont,  may  bo  estimated,  so  far  as  the  order  of  magnitude 
is  concerned,  from  a  comparison  with  other  bridge  piers  whoso 
vibrations  liave  been  investigated.  Thus  for  instance,  the  tallest 
of  the  piors  of  the  sin^^lc  track  Kim-fjatrn  briilge  of  Kwansai 
Uailway,  has  a  height  of  GO'  and  supports  the  ends  of  a  200' 
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Pratt  truss  and  a  100'  W-in-cu  girdei'.  Tlii^  pier  stamls  diiectly 
on  native  rockis,  aud  tbcrofore  its  motion  nuiy  bo  regarded  as  that 
due  to  its  wliole  lieight ;  the  periods  of  the  transverse  and  lon- 
gitudinal vibrations  being  respectively  between  0.30  and  0.15  sec, 
and  between  0.31  and  0.14  sec*  As  now  the  bed  of  the  Formosa 
rivor  in  question  is  rocky  in  nature,  and  not  muddy,  the  piers  of 
the  Naisha-zyatra  bridge  are  to  be  rt  irarded  as  vibrating  approxi- 
mately with  their  basen  as  centres;  Lhi'  jK'iiod  being,  wlu'ii  in- 
fen*e<i  from  the  ease  of  the;  Khu-gntra  bridge,  prol)ably  0.")  see, 
or  so.,  tliat  is  to  say,  mueh  shorter  than  tiie  period  of  the  large 
destructive  eartliquake  motion.  From  tliose  considerations  we  may 
conclude  tliat  each  of  the  high  piers  of  the  Naisha-pawa  bridge 
would  behave  on  the  occasion  of  a  destructive  earthquake,  not  as 
a  tall  brick  chimney,  but  is  to  be  regarded  as  a  **  short  column,** 
and  is  weakest  at  the  base. 

Sfahiliti/  of  the  piers,  Jxit  us  consider  tht*  stability  against 
the  earthcjuake  motion  of  the  two  tallest  piers,  Xos.  3  an<l  4,  of 
the  Naisha-flfflica  bridge.  As  shown  in  Fig.  4,  each  of  tliese  two 
piei-8,  i^ectangular  in  section,  is  114'  5"  in  height,  and  is  10' xO' 
at  tho  top,  and  22'  ll"x20'  0"  at  the  base  or  the  ground  level ; 
tliere  being  at  tho  foot  on  the  up-stream  side  a  buttress  19'  3^" 
in  height.  The  foundation,  constrnctcd  tr*  suit  the  nature  of  the 
ground,  is  14'  5  '  in  thickness.  I'urtlier,  (ho  metal  frame  embe<l- 
dcd  in  each  of  the  pieis  consists  of  8  iron  rods,  li  in  diameter, 
reaching  from  a  few  feet  l)elo\v  tlie  toj)  «lown  to  tlie  middle  of 
the  foundation,  joined  by  horiZiOntal  iron  bars  foitning  a  rectangle 
at  every  10'  distance  of  the  vortical. 

Now  a  body  of  the  dimensions  like  those  of  tho  pier  under 
consideration  can  never  be  overturned  as  a  whole,  even  when  the 

•  See  the  ■'  I'lihlicsttuias  of  the  Enrtbqniikc  Iitvi-Htigiiliou  Comimtlit;,"  Vi. 
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strQctore  simply  rests  on«  and  not  fixed  to«  the  ground.*  Hence, 

the  question  of  fho  seismic  stability  of  the  pier  reduces  itself  to 
that  of  the  frachiix',  wliich  is,  \viieu  tlic  (arthiiuake  is  sufficiently 
violent,  most  likely  to  take  place  at  or  near  the  base,  as  before 
explained. 

(i)  Let  VLB  first  cakjulate  the  strength  of  the  pier  at  its  base, 
or  the  section  B»  supposing  the  direction  of  the  shock  to  be 
parallel  to  the  lengtli  of  the  bridge.   (See  Figs.  1  and  4.) 


Fig.  1.  Fig.  2. 

(SMtton  /{}  (.Section  A) 


The  values  of  the  different  factors  in  the  fmcturc-formnla  for  tho 
section  B  are  as  follows**: — 

]  —  Moment  of  the  areji  of  fractnra  about  itn  inidiUe  axIh 

=  351,300,000  nmifc  in  inches). 

[Woiglit  of  Viet  iil»ove  Fonndution  (  — 1524.H  tons) 
11'^=  J  J- Weight  of  Ciinlar  aud  Track  Rvstem  (  =  21.1  tons) 

I  =  Total  Sura  =  1545.9  tons  =  8,4fi3,0(K)  Ihs. 
/  =  Height  of  Ceiitif>  of  Gravity  of  the  whole  structure  above 

Foundotiaii  -  38'  9  '  =  4G5". 
X  =  120". 

For  the  tensile  strength  of  the  brick  work,  let  us  adopt  a  value 

•  I'lio  "  PuMicntions."  No.  12. 

**  'rbe  AviilQiaioD  oi  the  qiiAntitio>i  /,  11',  nml/  for  the  tvo  mctiona  A  Md  Ji  Imt«  beeu 
iniuUi  1>y  Mr,  Imigitld  of  tbe  IMIwny  Depnitmcnt  of  tbe  Famtm  Qovenunent  GaaaiiL 
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of  50  lbs  per  sq.  in.,  whioh  is  a  little  stnaUer  than  that  obtained 
from  the  teat  pJeoes  of  the  raaaonry  of  the  Kieo-gatea  railway 
bridge  destroyed  by  the  great  Mino>Owari  earthquake  of  1891.* 
The  strength  of  the  iron  rods,  supposed  to  be  uniformly  distributed 

over  the  section  under  consideration,  is  ecjuivalent  to  the  reinforcing 
the  niasoury  hv  lO.r,  l]>s  per  s(i.  m.  of  the  ami,  assuminfr  the 
ultimate  strength  of  the  iron  i  otls  to  be  00,000  ibs  per  sq.  in.  Again, 
supposing  the  total  weight  of  tlie  pier  and  the  girder  and  ti'aek 
system  (=1^)  to  be  uniformly  distributed  over  the  base  plane  B, 
we  obtain  a  pressure  of  43.0  lbs.  per  sq.  in.  of  the  sectional  area. 
Taking  together  the  atrengtli  of  the  masonry,  that  of  the  iron 
rods,  and  the  compi^essional  efibot,  the  eflfective  tensile  strength 
of  the  cohimn  will  be 

F  =  50+10.6+43.0  IbB  =  103.5  ibs. 

Tlie  seismic  stability  of  the  pier  then  beoomes 

98()0x351,:?n0,000x  103.5  ,  , 

Ot  =  — z—z-  SB  1844  mm/see*. 

(ii)  Let  US  noxt  take  the  section  A*  whose  height  corresponds 
to  the  top  of  the  buttress.  (Figs.  2  and  4.)  Wo  have  :— 

/  =  l(kS,n02,o()l)  (unit  in  inchRH^ 

jW«ught  of  Tier  nbuve  Soctiou  A  (=902.1  toiiR) 

j  f  Weight  of  Oinl.  i  an.l  Trnck  svst.-m  (  =  21.1  toiw) 

!  =Total  Slim  =:  92:^.2  tons  ^  2,()fiM,!H)(l  ll^s. 
/  =  Height  of  C!eutre  of  Grnvity  of  tho  structum  above  iSeciioa  A 

=  29'  10"  =  358". 
a'«=ixlG'  9"  =  100"f 

Tlie  eflfect  on  the  strength  of  the  brick  work  of  the  iron  rods  is 
equivalent  in  this  case  to  an  inci'ease  of  16.9  lbs  per  sq.  in.  of 

•  Tlie  -PnUiintionH,"  TSo,  4. 
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the  sectiouai  area  ;  wliile  the  pressure  of  the  mass  above  the 
plane  of  fraeture  is  41.3  lbs  per  sq.  in.  of  it.  The  effective  tensile 
strength  is  F=50  + 16.9 +41.3= 108.2  lbs  per  sq.  in.  Henoe  the 
seismic  stability  of  the  pier  at  the  section  A  is 

9800x  168.502,500x  lOaa     «...       ,  , 
'^^^    2.088.000  X  368x100.5  2404mm/«e\ 

Thus  «i  is  gi'cater  than  «i  iii  tlie  ratio  of  about  4  :  U,  ami  the 
pier,  which  is  strengthened  by  a  buttress,  is  still  weakest  at  tlie 
base,  its  seismic  stability  being  aj=1844  mm/sec^  As  this  is 
nearly  eqixal  to  the  intensity  of  motion  in  the  destructive  earth- 
quakes  likely  to  disturbe  the  western  part  of  Formosa,  the  pier 
in  question  may  be  considered,  when  the  work  is  properly  executed, 
to  be  fairly  good  from  the  seismological  point  of  view. 
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Example  of  a  Simple  Brick  Structure 
damaged  by  Earthquake. 

By 

F.  OMORI,  Se.D., 
M«nber  of  the  Imperial  EftrthqiiAke  lD?«stigatioii  CommittM. 

As  an  oxamplo  of  a  very  simple  brick  building,  whose  seismic 
stability  can  roughly  be  calculated,  I  consider  here  the  market- 
houso  at  the  town  of  Ensuiko,  in  the  Prefecture  of  the  same 

name,  which  wus  daiiiageJ  on  the  occasion  of  the  Kiigi  eartli- 
qiuike  of  Nov.  G,  1904.    This  structure  consisted  tnerely  of  a  roof 

with  wooden  truss  supported 
by  20  brick  posts  {ab,  cd  in 
the  accompanying  figure.)  The 
building  covered  an  area  of  100 
tiitbot  and  was  20  ken  in  length 
and  5  jfcen  in  width,  the  longer 
axis  being  parallel  to  the  X-S 
iliic'ctit)n/''  The  roof  had  a  total  area  of  3,0('>0  square  shaku, 
und  was  covei'ed  by  the  tiles  of  the  native  style.  As  the 
weight  per  square  shaku  of  the  roof,  truss,  and  the  tiling,  is 
about  15  lbs,  the  total  weight  of  the  roof  system  was  about 
00,000  lbs,  distributed  with  the  average  amount  of  3,000  lbs  among 
the  masonr}  posts,  of  which  there  were  10  on  each  side  with  a 
mutual  distance  of  2  ken.  The  posts  consisted  each  of  38  layers 
of  bricks,  the  height  being  8.0  shaku  (^103"),  and  the  section 
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1  bricks  sqiunc,  or  1.17  slmhn  (=14'')  S(Hiar«'.  Assuming  tin' 
weight  per  1  cubic  inch  of  tbc  brick  work  to  be  0.0003  lb,  tiie 
weight  of  each  of  the  columns  will  be  1,206  lbs.  Thua  the  total 
pressQi'e  at  the  foot  of  each  cdumQ  was  4«206  lbs*  giving  au 
avoxage  amount  of  21,5  lbs  per  squai'e  inch  of  the  base  urea. 
This  amount  of  oompression,  added  to  tlie  tensile  strength  of  the 
mortar  joint  of  the  brick  work  wWch  is  assumed  to  be  about 
20  lbs  |K>r  s<|.  ill.,  gives  a  value  of  41.5  lbs  pi-r  S({.  in.  for  tlie 
eU'ective  tensile  strength  at  Imse  section  of  the  eokimus.  Again, 
the  centre  of  gravity  of  the  wliole  buikling  is  estimated  to  be  at  u 
height  of  7.4  ihakit  (=2,230  mm),  that  is  to  say,  only  1.2  iliahi 
(=36}  cm)  below  the  top  of  the  supportuig  columns.  This  fact 
illustrates  the  importance  of  reducing  the  weigtit  of  the  loof  of 
a  stnictuixs  in  oitler  to  lessen  the  intensity  of  eflbcts  on  the  latter 
of  the  eartiu{niil<(  motion. 

The  seisMiit-  stabihty  ()f  the  Kii>uii<o  marki't-lidiisc,  wlmsi' 
construction  has  l>eou  sketched  above,  is  indicated  by  tlie  acceioru- 
tion  (=«)  of  the  earthquake  motion,  which  is  capable  of  fracturing 
the  supporting  columns  at  their  weakest  position,  namdy,  the 
base.   This  can  be  calculated  by  the  formula 

thu  %'aluc  of  the  different  constants  buuig  as  follows: — 

■Xy^=  177.n  mm 
f  —  mm 
F  —  41.5  Rw  Y'X  sq.  ill. 

W=  Weight  supporttxl  ut  tliu  fout  of  the  columu— 4,200  lbs. 

Tho  value  of  the  acceleration  «  is  found  to  be  only  497  mm/rtoc*. 

JSuch  an  intensity  of  motion  is  by  no  means  that  of  what  may 
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l)0  eallcHl  a  "  gi>eat  dcstiiiclive  sliock,"  but  i8  not  much  dirtl  icnt 
from  the  maximum  acceleration  at  Hon<^o  on  tlio  occasion  of  tlie 
ficmi-destractive  Tokyo  earthquake  of  Jane  20,  1894.  Thus  the 
seismio  stability  of  the  market-liouse  under  oonaideration  vrill  be 
seen  to  be  very  low.  In  order  to  make  a  sirQctoro  in  Formosa 
]>racticall7  earthquake  proof,  we  must  raise  its  s^smic  stability 
to  an  acceU'i-atiou  of  Hlxnit  2,000  nun/scc'. 

As  is  to  be  easily  imagined,  all  tho  posts  of  the  mai  ket-houso 
were  fractured  by  tlie  eai-thquake  of  Kagi  of  I'JOl  at  their  bases, 
eaoh  being  also  broken  at  or  near  the  foot  of  tiie  timber  diagonal 
support  {ef  and  gh  in  the  figure^)  It  is  hereby  to  be  remarked 
that  great  care  must  be  taken  in  the  use  of  trusses  and  ties. 
Tlio  existence  of  even  an  apparently  insignificant  discontinuity, 
in  the  form  and  dimension,  tlie  rigidity,  or  tlio  material,  invariably 
produces  u  fracture  or  mutual  destruction  at  tlie  joints. 


On  the  Duration  of  the  Strong^art  of 
Motion  in  Destruetiye  Earthqmi. 

F.OMOm,  Kc.1>^ 

Member  of  the  Itiipetul  Ewrttuiiialce  BiTeHtigatiuu  Commitiei 


Tho  disturbance  tluu  to  a  lurj^c  earthquake  is,  when  obud 
by  means  of  a  sensitive  sei^mograpb,  j^eiiorally  found  to  last  sol 
boors.    Tbe  duration  of  the  sensible  part  of  the  motion  ii 
course  much   shoiier.     Still  it  may  sometimes  liappen  ti 
at  or  near  the  epioentral  district  of  a  destructive  earthquake,  ti 
ground  is  kept  for  a  considerable  time  interval  in  a  stsitc  t. 
sliakhi;^,  (»\ving  to  an  iiiccssiuil  oceiiricnee  of  the  after-shockr^ 
Thus  at  the  Kushiro-joAv  Hght-liousc,  on   the  occasion  of  the 
liokkaido  earthciuake  of  March  22,  18U4,  at  7h  r)Gin  pm.,  tbc 
lamp  could  not  be  kept  lighted  for  tbe  30  minutes  after  tho  great 
shook  on  account  of  the  almost  continual  successioa  of  tho 
tremblings ;  the  origin  of  disturbance  being  under  tho  Pacific  at 
a  distance  of  about  100  km  from  the  coast  of  Kushiro  and  Nemuro. 
For  tlie  sake  of  reference  I  give  next  tho  duration  of  the  '*  prin- 
cipal portion"   of  tlic   ordinuiy,  or    nun-destructive,  earthquake 
juotion,   obtained  from   the  niacro-seisuiogmpli  obsorvutious  at 
Miyako  (province  of  Kikuchu),  and  Kyoto. 

Miyoko  Duration  of  Priucipai  Portion,  0.7  sec.  to  20  aao. 

Kjoto   „  6.0  „  „  20  „. 

Tiie  duration  of  the  priiici[)al  iK)rtion,  wliich  accorcHng  to  tho 
obsoi'vatious  at  Miyuko  and  Kyoto  varial  Liutwceu  0.7  and  20  sec.. 
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may  be  taken  in  oidinary  rases  to  l>o  from  a  few  secmuls  to 
about  half  a  luiiuito.  Tho  Tiionvoinfnts  aro,  lutwevcr,  not  uniA»rmly 
l&vge  throughout  the  principal  portion  of  an  eartliquake.  Ou  tho 
contrary,  there  are  usually,  in,  the  seismic  motion  due  to  a  near 
origin,  a  few  prominent  vibrations  at  the  oommenoement  of  the 
principal  portion  which  are  much  larger  than  the  others.  This 
piarttonlar  feature  of  motion  is  specially  well  marked  in  strong 
and  large  enrthqnnltos. 

Tlio  folli>\vin<;  list  gives  tlio  fbu-ation  of  tlic  strongctst  part  of 
the  principal  portion  for  the  10  dcstructivo,  semi-destrnetive,  and 
severe  earthquakes  in  Japan,  measured  with  the  Gray-Milnc*£wing 
typo  macrO'Seismographa  at  the  different  stations : — 


No. 

Date. 

Eiittliqinln. 

PiMa  of 
OlMCinAtion. 

Dontumof  Uie 
RtKiBgwl:  Fnit. 

1 

iM.      15.  1KK4 

Tokyo  Eqke.  (H«v»»ro) 

Tokyo 

7.0 

•Imio     2ti.  HJl 

Ti'kvd  V.i[\i>'.  (tiemi-ilpstruclivc) 

4.3 

CM.       7.  .. 

Tokyo  Jiiikc.  (Het-iere) 

» 

4.r. 

t 

Jiiii.     IB.  i«ar. 

•* 

H.0 

5 

Sppt.      7,  IHJ'i 

Miuo-Oxvnri  E<ike.  (ttomi-ilestmctive) 

Oitn 

0.5 

G 

Jnu.     10,  18JI 

n 

n.u 

7 

sqit.   7,  vm 

(KiigiwUiinn  ^Cliinia)  Eqke.  (wmi-ile- 

KaflpHbiitti 

«.n 

H 

Ang.    12,  1898 

jFuknokn  (Itaflliliiiw)  Rqln.  {nemi-da- 

l  HtHK-tive) 

Fnknotn 

9 

Ang.    :n,  1«£M; 
(r»t      20"'  pm.) 

Kikuilm-l^g.*  lx|kt'.  (severe) 

A.n 

in 

.Inno      7.  VMU 

Tiiiio  Eqk«.  if«cven<) 

Taito 

11 

April    M.  IIKM 

Rigi    „  (tloRtrnctive) 

Tiuiuui 

8.G 

la 

Nl>T.        6r  » 

M         n      (         «  } 

n 

lajn 

13 

Mnirh  17,  1906 

Onnt  Eiifp  Kqko. 

w 

iij). 

14 

Aiiril    14.  mHi 

KuRi  F>iikc.  (ilp*itruotiv)>) 

II 

ia.]i 

15 

Juli.    11,  VJM 

(RwMbiMbjv  anil  UuknNPkiknka  }£»ike. 
\  (itefltnictive) 

ti 

10.0 

Digitizea  by  LiOOgle 


I 


2<)8 

V.  ( hnw : 

No. 

OlMenraUoo. 

DomliaaoCaie 

16 

ApiU   as.  1898 

fOrigin  <itf  Uio  NK  oonnt  at  Main 
1    iBlnnd.  (Hevere) 

194) 

17 

Hwdi  7.  ItM 

(Origia  off  the  B.  oaoat  oC  Kii. 
[  (deiitnioHTe) 

Wak»yamA 

19.0 

IR 

Aiig.    31.  IBM 

GiMiBikii-U  EqhB. 

MiyiOto 

9BJ0 

19 

Oet     aft.  IBBl 

GiMt  Ifino-OwMi  BqkB, 

Tokyo 

«0 

Of  the  above  19  earthquakes,  the  twelve  Rovero,  semi-defltnic- 
tive,  nml  deatnictive  shockn,  namely,  Nos.  1.  2, ....11,  and  15, 

were  not  what  may  bo  called  a  great  eoi  tlnjuake,  uaiii(«ly,  oxtonsivo 
and  very  destniftive  seismic  tlistmbance.  A^^niii,  tlie  three 
Formosa  earthquake.*?,  Nos.  12.  13,  and  14,  were  vuiy  destructive, 
iiaving  caused  the  following  amount  of  damage : — 

Eqka  No.  12  :     45  lives  ks^  490  hooiKB  enttrely  destroyed. 
„     No.  13  :  1949 
„     Na  14  :    15  im 

n  »»  »»  • 

These  Formosa  earthquakes  were,  however,  each  quite  limited  in 
area.  Indicating  the  relative  smallnoss  of  their  magnitudes.  Now, 
in  the  cases  of  the  14  earthquakes,  Nos.  1  to  14,  Uic  duration  of 
the  strongest  port  of  motion  lasted  4.0  to  13.9  see.,  with  the 

average  vahie  of  H.O  seconds;  In  ing  in  the  majority  of  eases  less 
than  10  seconds.    K<jkc  So.  IT)  indicated  the  dnration  of  10. (i  see. 

In  the  two  earthqu;ikr<  Xd^.  10  and  J  7,  wViieii  were  large 
submarine  disturbances,  the  lUu-ation  were  each  19  sec.  Finally, 
tho  Riku<TJ  (No.  18)  and  Mino>Owari  (No.  19)  disturbances  were 
very  great  destructive  shocks,  the  duration  of  the  strongest  motion 
being  20  and  28  sec.  respectively. 

Sumwartf.    In  destructive  shocks,  the  duration  of  tho  strongest 
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part  of  motion  is  jrenerally  4  to  10  seconds.  When,  however,  the 
oarthquuke  is  very  great,  t))at  is  to  say.  extensive  and  violent, 
tho  duration  in  question  may  be  nearly  30  s<Kionds.  Tlioso  results 
will  be  of  use  in  the  ooasideration  of  the  destructive  efibots  of 
earthquake  shocks  on  diffisrent  stmctores. 
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Aleutian  eai'th*/unke  of  Aug,  17*  l!HHi,  Tli©  north  Paoifio 
eartliqnivke  of  Ang.  17,  1906,  oocnrred  at  »bont  Oh  lira  44s  (G.M.T.),  cr 
28m  2l8  earlier  than  the  gveat  Yalparaiao  alioek  aa  the  same  date^  the 
appioximate  poeitkm  ol  its  ovigjn  bein^  aooovding  to  my  eetimatioii,  oa  the 
aouUieni,  at  eonvez,  aide  of  tiie  aire  (rf  tiie  Alenttan  Uaiidfi»  at  f  ssSCPN', 
kssUS^*  Had  file  oentre  of  this  earthquake  been  in  the  same  loogiliide 
but  wt^^h  moce  acmtJtwaxdi^  say  at  latitude  30^  N  or  ao,  tin  ahook  might 
ponlbly  have  been  lelti  or  le^atered  on  the  cable  iDStmmmta  at  tiie  Hidway 
labnd  =28"  30'  N,  jt=;17r  W).  Such  was,  homer,  not  the  case,  as  wfll 
be  seen  from  the  following  lettova^  wbksb  hare  very  kindly  been  oommQnicated 
to  me  by  Dr.  Otto  Ebts,  Direeior  of  the  Astnmomieal  Olieeiratory  of  Ottava, 
Canada.  (K  Omori.) 

*'  J.  D.  Oaines,  Emi,  12th  April,  1907. 

Snpt  Cable  Station, 
Ilonolula,  Hnwjvii. 
My  dear  Mr.  Gainos, 

"I  hope  tluit  in  the  following  I  am  not  asking  too  nmcU  of  you, 
anyway,  my  oxoiiSG  is  timt  it  i8  in  th^  iutorest  of  Sciouoo — ^and  that 
means  Mankind. 

"Yoii  know  last  Angn«?t  I'i  ril>out  8  V.M.  at  ^"al]l'17•^i»^  occurred  a 
destructive  (':ntliim(ik('. — -Tliu  earthquake  iuHtrunients  sliDwed  liowever 
another  quake  about  half  an  hour  eMrlior,  whose  or?f2:tu  is  placed  in 
Ijat.  :;rPN.  Tiong.  107°  E..  ?fiy  a1)out  SDit  west  of  your  stitiou  Midway. — 
Now  wlmt  I  desire  to  ascei-tjiin  is  whether  at  Midway  the  cable  iu- 
Ktmments  were  in  any  way  affected  either  mechanically,  that  is,  hy 
direct  pulsations  or  qiiak^  or  magnetically,  that  is,  that  the  magnetic 
field  was  distrubed,  as  tthoxm  hy  the  syphon  or  electric  apparatus. 

•  Sc«  ihe  "  Bn!l«tiii."  Vol.  I,  8. 
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"  The  time  at  Midwn  y  would  be  in  tlie  ueigh  botliood  of  Noon  Thurs- 
day, Aug.  IG  counting  time  westward  ;  I  am  mentioning  this  as  Midway 
IB  80  close  to  the  anti-prime  meridian  where  t]ie  change  of  date  tftkes 
place;  for  reckoiung  oastwacd  it  would  be  noon  Aug.  17. 

**  liliero  should,  li&ve  been  noticed  too  on  that  day.  after  noon,  one 
or  more  tidal  waves  coming  from  the  vert  doe  to  the  quake.  PerliApi 
the  diarj  there  will  discloRs  that  phenomenon. 

**  I  would  1)6  very  glad  if  yonr  Supt.  (Mr.  Colley),  at  Mid  \ nv  wonid 
look  np  the  syphon  records  far  several  hours  about  noon  and  see  whether 
any  disturbance  is  shown.  Foeeiblj  lie  made  a  note  on  tiiai  day  about 
the  behaviour  of  the  inatrameiite. 

"  I  would  have  tmtten  to  him  diieet  if  I  knew  ol  any  mail  com* 
munioatian  with  Hidway,  Iienoe  I  throw  myeelf  on  your  good  oature. 

'*  It  Is  deeinUe  that  tiie  time  ehonld  be  pven  as  aoemsately  as  pos- 
sible for  any  distarbmoe  that  may  haTS  been  recorded  or  noted. 

Yoms  sincerely, 
Ono  Kldvz." 

"  Commerciai  Pacific  Gable  Company. 

Honolulu,  H.T.  July  hijOl. 

To  Otto  Klotz,  Esq., 
My  dear  ^Ir.  Klotz. 

•*  Parrlon  the  delay  in  answoriu^  your  letter  of  April  12th — I  liave 
bbuu  very  busy  with  outtude  work,  which  with  the  ottiuo  work  kept  me 
fully  occupied. 

"  I  spoko  to  Mr.  Colley  over  the  wire  and  he  kxiked  over  the  slips, 
for  sfvnral  honi-s  ou  oach  side  of  Noon,  Aug.  16th  and  lie  siiys  the 
iustrmuoiits  wt  rcj  in  no  way  affected  nud  uo  indications  of  tidal  waves. 

"  I  hardly  expected,  hu  would  fmd  any  iiidioaiious.  We  noticed 
uoue,  during  the  Sau  Fxuncisco  enrthtiuake. 

"  Wo  have  felt  one  or  two  ali^t  quak^,  diuing  the  time  T  liavc 
lived  here,  but  I  could  never  discover  any  disturbance  on  the  slip.  A 
few  nights  ago  we  had  a  slight  quake,  it  shook  my  bed,  I  thought  of 
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you,  iiouhI  tliu  tiuiti,  iixiil  phoued  the  olUce,  to  luurk  tlie  slips  oi  lx)tli 
instruments,  so  I  could  exainiue  tliem  the  uest  morning.  T  t-onld  not 
see  tlie  slijilitcst  diMtnrlmnre — I  \vHt»  deltghte<l  you  wrote  me  aud  shaUl 
always  bo  glud  to  look  up  auy thing  fen-  you. 

Vei-y  8in<?ei*ely, 

(Sgd)  J.  D.  Cainjs." 

Xkirt/iquake  of  Sept,  3,  1007.  The  foUowiug  ac<  uuut  ut  tlie  watli- 
quukc  of  Sept.  3.  1907,  is  taken  from  the  Jnpjiii  Times  of  .Sept.  'J"),  l',>ii7. 

**  jUiiriiihiij  srn-qiiukt;  cx/H'fii'iiCC  ij/'  tin  Knis'  i,  Tin-  Jaji.uii.>o  sealing 
s^^hooutir  Kius'  i-tnnri)  iirrivtHl  nt  HAkodnte  ou  tlie  luoiuing  of  the  22ncl  of 
September  from  the  Behiiug  Sea,  having  taken  713  seal  skins  for  Uie 
aeasoQ. 

"The  iiiast^T  of  the  vensel  re]x>rt«  all  the  otliir  .)ai)anost!  ft(?nling  v(>s- 
gels  iu  the  Eehhug  Bea  as  doing  well,  and  having  between  throe  luid  four 
liundred  seals  each. 

"  Ou  tlio  2nt}i  of  August,  the  Kinm-vmru  daring  a  gale  aUpped  a  sea 
wJudi  smaslted  all  her  liotits  and  did  other  damage,  Uiiib  oompelling  tlie 
vessel  to  start  for  home  Ijefoi-e  the  close  of  the  season. 

"  On  the  3rd  of  September,  while  the  vessel  was  in  53  North  and  17U 
d^^rees  East,  heav}',  sev«i*e  and  continued  subuuirino  eart})<(iiriko  f^liocks 
vreiK*  felt,  and  which  lastetl  for  over  twenty-four  houi-s,  during  which  the 
vessel  sailed  120  miles.  One  shook  lusiitig  for  three  minutes  was  so  severe 
that  it  was  thoqglit  that  tiie  vessel  would  go  to  pieoes.  Tlie  smrfaoe  of 
tiie  ooeaB  was  oorered  with  deuse  masses  of  pumice  stone  for  a  distaooe  of 
ov«r  two  hmidxed  miles.'* 

Ettrrhn  enrfhqualce  of  Aug*  IS,  190S.  The  following  letter 
froui  A.H.  33eU,  Esq.,  rehitea  to  the  severe  Icxial  shock  felt  at  Euieius  in 
Califotnia,  on  Aug.  18,  1906. 

"  M}'  Dear  Sir:  Fnivka,  ( 'alilm  uia.    August  is,  1908. 

The  li(^:ivifist  cai  tin  (U.iki'  <  x|Kinenct5d  since  tho  in«nnoiiil»hi   *  sliiiko- 
up '  of  April  Vi^  19UG,  occuii-ed  Uiis  morning  at  2 : 59  o'clock.  The 
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vilmtjoiis  laated  about  ioiu'teeiL  aeooiada.  AnoUier  sliuok  of  lefls  eeveriif 
was  foUr  ai  5 : 27  am.,  taaUiig  about  ten  seeonds.  I  am  inlormed  that 
thb  earthqnate  was  not  felt  at  San  "FtKumaoa,  the  niamio  motioma 
extanduig  about  tbiity  mOeB  norOt  of  Etneka  and  pobaUly  about  tbe 
aamo  diataaoe  to  the  sonthwaid.  The  damage  dona  did  not  exceed 
taoOfK  I  haya  just  mailed  detailed  xeport  to  Ftaf.  MoAdle»  San  Ftan- 
dsQO,  Califoinia.  

Tomes  vexj  truly, 
Aacon  H.  Bel],  U.  8.  Weather  Bnreaa  Offioe." 

The  following  oxtract  is  taken  from  an  Eureka  daily  paper: — 

"  Weather  Observer  .Varon  H.  Bell  stated  this  afteruoon  that  tliu 

fii"8t  and  most  severe  quake  tliis  morning  occurred  exactly  at  2 :  59  o\  lo.k, 
and  lasted  about  14  tieoondK  ^ith  vibrations  from  the  southeast  to  tliu 
norUiwest.  The  violeiice  was  miffieient  to  stop  oloeks,  'xattle  windows,  iiud 
in  the  weather  observer's  oi&oe  several  instrumeuts  were  (Ustmbed.  TLu 
greatest  Intmnitj  was  shortly  after  the  bsginning,  gradually  diminishing 
iiieirasfter. 

**  The  second  earthquake  this  mcatiing  came  at  5 : 37  o*ok)ek,  was  di 
less  violBnos  and  lasted  about  10  seocmds,  tiia  vibratkms  being  upon  the 
same  directkm  as  those  of  tiie  first  Weather  Observer  Bell  states  that  Uie 
qnakss  this  morning  were  noiliing  as  oompaxed  to  the  memorable  one  of 
two  years  ago  in  April,  when  San  E^ndseo  was  almost  wiped  out  of 
eodstenoa." 


Note  on  the  Long-period  Variations  of 

the  Atmospiieric  Pressure. 

By 

F.  OMOBI,  ^,D., 
Member  of  the  ImperiAl  EarttiquAlce  bvefiligation  Committee. 


1.  Tiifmtlurfion.  From  the  discussion  of  tlie  aftor-shocks 
of  the  MinO'Owari  and  other  recent  destructive  earthquakes  in 
Japan,*  the  seismic  freqnenc]r  has  been  found  to  have,  besides 
the  diurnal  and  annual  ^Tiriations,  the  periodicities  approximately 

of  the  lenfjtlis  of  4i  day.^,  0  days,  12  days,  35  days,  nnd  3 
montlis  ;  anion;/>^t  f)tli(  ]*s,  the period  of  4.\  days  ocoiirniii:  very 
often.  Tlio  present  note,  which  is  to  be  rc.u'arded  as  n  snpi^lemont 
to  my  ]y.\ppr  on  t lie  secondary  causes  of  earthquakes  (the 
Vol.  II,  No.  2),  gives  some  acoonnt  of  the  longmr  periods  of  varia' 
tion  of  ttio  barometric  pressure,  the  object  being  the  comparison 
of  tlie  seismic  and  atmospheric  periodicities. 

2.  iMf  method  of  fndinff  OHi  the  periodlettff  ofharomeiHe 
premnre,  Tlie  daily  or  other  menu  barometric  pressure 
nt  a  ^^iven  place  oi  ultservatiun  is  ploftod  on  a  section  paper, 
and  the  length  of  a  i)eriotl  is  obtained  by  taking  the  average 

*  F.  Utnuti:  "<>u  Ute  Mttei-nbockn  o£  airtlx^iiAkas."  Jour.  Sc.  Coll.,  Tukyo  Imp.  Univ..  Vul. 
VU,  <IWI),  Afao  F.  Onuni :  On  (1m  Enfthqittikeii  in  FornuMM,"  Itofioito  (JupuMiie)  of  (Im  Imp. 
EMtbqmlw  lav.  Oinaio«  Ka  51  (lOOS). 
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from  tlie  mean  curve  drawn  by  free  liand  cxtcndod  over  several 
consecutive  months.  (See  Figs.  1,  2,  and  3.)  I  give  next  some 
examples  rolatiDg  to  Tokyo,  Gifu,  and  Mt.  Tsukuba. 

Z,  JBtaromeirie  preMure  at  ToJcu^f  Of  fit,  andMt,  Taukuba* 
As  examines,  I  bavo  taken  the  data  relating  to  Tokyo,  Gifu 
(province  of  Mino),  and  Mt.  Tsnknhn,  and  the  average  lengtli  of 
the  (lin'crcnt  jx^riods  have  been  (Icdiiccd  froin  t lie  curves,  in  which 
the  ordinate  is  the  mean  barometric  height  corresponding  to  the 
tune  expressed  in  1,  2,  5,  or  10  days  intervals.  As  may  easily 
be  imagined,  the  variation  of  the  barometric  pressure  is  generally 
very  comjdex.  In  some  cases,  however,  there  is  certain  regularit}', 
when  the  barometric  variation  indicates  the  periodicity  of  one 
khid  or  other.  Tfaof;,  Fig.  1,  which  illnstratos  the  variation  of 
the  daily  moan  pressure  at  Gifu  between  May  1  and  Aug.  9, 
18!)2,  indicates  a  pcrioil  of  alxnif  \h  dnys.  A^ain,  in  Fig.  2, 
which  ro|>resent8  the  same  variation  in  1903  at  the  top  observatory 
of  Mt.  Tsukuba,  a  period  of  8  or  9  days  is  shown  between  Jan. 
10  and  Feb.  4,  and  in  three  other  epochs,  while  a  period  of  about 
4}  days  is  shown  during  the  rest  of  the  year.  Fig.  3  illustrates 
the  10*daily  variation  of  the  barometric  pressure  in  Tokyo  during 
the  three  years,  1887-1 880,  indicates  more  or  less  clearly  a 
pi'j'iod  of  ;>  months.  The  results  obtaiue«l  are  summurizod  in  the 
foi)|»wiug  table. 
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Time  Interval. 

The  mean  butometric 

preHsnre  from  whose 
TiuriAtion  tho  period 
liAS  been  deduced. 

Aveza^  Jjongtit 

TOKYO. 

Oct  1-Dee.  31  1888. 

Bailj  menn  praasaxe. 

*.7  days. 

2-diulj 

n 

8.7  „ 

Jim.  1-Aiur  30  1889 

a-dailj 

f7 

lOHkilj 

n 

a  monUia. 

oiru. 

Daily  menu  pressuro. 

9.2  days ;  4.(>  days 

Jan.  1-Auff.  31. 1893. 

>> 

>t 

2-duily 

tt 

8.(5  „ 

2-dnily 

n 

9.3  „ 

2-daily 

»t 

9.0  „ 

6-<lail\' 

*» 

35.0  „ 

lO-daily 

i» 

34.0  ,. 

Sank.  1   li^OI           '41  IRQ*) 

10-dttily 

M 

3  montlia. 

MI. 

TSmCOBA. 

Kov.  18-l>x\  31,  1902. 

Daily  s 

lean  piBssnre. 

8.6  days. 

Jau.  10-Fob.  1,  1903. 

n 

8.3 

Fob.  4-Mjux;1i  16,  1903. 

M 

w 

4.4 

March  19- April  13,  1903. 

» 

8,3 

April  17-M»y  6,  1903. 

M 

4.6 

May  i>-Mfty  31, 1908. 

» 

»l 

8.7 

Ooi  17-Not.  5, 1903. 

t* 

6.0  „ 

Not.  6-Dee.23, 1903. 

n 

» 

7^  „ 

The  different  periods  contained  in  the  above  table  may  be 
divided  into  4  gi-onpa,  i»  ii.  iii,  and  iv,  as  follows 


318 


F.  Onofl: 


4.7 
4.<J 
4.0 
4.4 
4.5 
5.0 


days 


8.7 

9.2 
8.0 
9.3 
9.0 
8.0 
8.3 

8.a 

8.7 
7.8 

•  8.7  tlays 


IV 


iDontlia. 


>33  dAjs  I  ......3  nionilM. 


Tlie  moan  viiliics  of  the  4  diflercnt  pciieKls  are  4.6  dayis,  8.7 
days,  33  days,  and  3  moiitlis,  the  iiist  two  occurring  mo6t 
frequently. 

4.   Snd  method  offindiitg  out  fh  e  pv  Hod4eitff  of  haromefrie 

jti't'sanre.  Instuad  of  coiiJsidcMin^  thv  variation  of  atmos- 
plieric  piessuro  at  a  given  place  as  explained  in  the  preced- 
ing §,  Jet  us  find  otit  tlie  time  interval  l)el\N«  (  ii  the  successive 
epochs,  wlieii  the  whole  of  Japan  is  covered  by  high  barometric 
pressure.  Thus,  Figs.  4  and  5  represent  two  consecotive  cases 
separated  by  about  4  days,  wlien  the  high  pressure  area  extended 
over  the  principal  Japanese  islands.  TIic  mean  values  of  the 
diflfoient  periods  in  tlie  pressure  variaf  ion  obtained  l)y  tliis  method 
from  an  examination  of  tlie  weather  maps  of  .Tapan  dm'ing  the  4 
years,  lUOU  to  1903,  are  given  in  the  following  table. 
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Time  Interval. 

Komber  of 
hi((l>  presxnre 
overJniwii. 

ATenge  interml 
betirean  the 

SMMm  epodm. 

Jiiu.  ii ;  fi  em. — May.  11 ;  10  piu. 

1900. 

29 

<lny 

f) 

honr 
2 

8epi  29 ;  10  pm.— Dec.  28 ;  10  pm. 

'» 

21 

4 

12 

Tan.  2  ;2  pm. —  Feb.  9  ;  2  i)m. 

1901. 

9 

4 

10 

l  ob.  18  ;  6  am.— Maivli  21  .  2  pm. 

» 

8 

4 

li) 

Mfttvh  2G ;  10  pm.— Juue  1 ;  10  pm. 

t» 

M 

5 

4 

Sept  29 ;  10  pm.--Deo.  27 ;  10  pm. 

24 

3 

21 

Dec.  31;  10  pm.  1901— April  G;  10 

pm.  1902. 

24 

4 

4 

April  18 ;  6  *m.^Mar  16 ;  2  pm. 

•* 

8 

8 

82 

Mh7  25 ;  6  tun. — July  1 ;  10  pm. 

If 

« 

10 

July  17;  6  am. — ^Ai^  27;  10  pm. 

n 

5 

10 

10 

Oct  5 ;  10  pm.  1908— Jan.  1 ;  2  pm. 

1903. 

23 

4 

0 

Jan.  5 ;  2  pm.— Jan.  24 ;  6  am. 

»» 

5  1 

4 

16 

»     26 ;  10  pm.— Maj  4 ;  6  am. 

»• 

22 

4 

;i 

May  9 ;  10  pm. — June  21 ;  10  pm. 

1* 

8 

6 

6 

Taking  the  means  from  the  above  tabic,  wo  obtain  the  following 
two  periods : — 

tt     b  ilejB 

(i)  4  14=4.6      (areraged  from  12  caaea) 

(ii)  9  22=0.9      (     „  2  „  ) 

6.  Combining  the  results  obtained  in  3  and  4,  the  mean 
values  of  the  first  two  periods  ai-e  found  to  be : — 

1st  1)61  i»xi   4.6  days. 

2ud    „   9.3  ft 

Thus,  the  length  of  the  2nd  period  is  double  that  of  the  Ist 

period,  the  latter  being  probably  the  fuudumeiital  period  in  liie 
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\ariatioii  of  the  utmosplieric  pressure  from  day  to  clay.  It  is 
quite  possible  that  tliere  exist,  besides  tlie  period  of  9.3 
days  and  one  of  about  33  days»  many  others  of  longer  or 
shorter  durations,  whicli  are  probably  the  multiples  of  the  1st 
period.  The  period  of  the  length  of  3  months  may  be  of  a 
diflferent  origin,  being  one  of  the  harmonics  of  the  annual  period. 

AH  the  four  periods  in  the  variation  of  the  barometric 
pressure  as  above  obtained  are  evidontiy  similar  to,  and  likely  to 
be  the  rai! srs  <>1\  (ho  corres]X)Qdinij  periods  iu  the  variation  of  the 
earthquake  frequency  (§  1). 

I  give  next  a  short  notice  respecting  the  aftor-shocks  of  the 
Taito  (Formosa)  earthquake  of  1903,  -whose  fi'eqnency  shows 
ilnctnations  parallel  to  those  of  the  barometric  pressure. 

6.  Afi€r^9hoek9  0/  the  XdUo  earthquake  of  Sept.  7,  1909* 
The  following  tal)Ie  gives  the  daily  mean  barometric  pressure  at 
Taito  (Formosa)  uial  the  daily  nuiiiln'r  of  the  aftor-s'i!oeks  of  the 
strong  eartlujuako  of  Sept.  7,  1U03,  rccoided  nt  the  same  place  by 
means  of  au  Omori  horizgutal  pendulum  of  6  times  magnificatiou. 


BAKTBQVAXBS  AT  TAITO  CFORMOflA).  flBPT.-O0T.,  1903. 


AtmoHplwrio  PMnnxe.* 


Daily  Ntmibcv  of  filiilliiainiN*. 


1 

2 

5 


October 

~  mm 

7(;o.o 

mm 
754.(5 

58.8 

5G.5 

57.S 

59. '2 

53.(; 

53.2 

1 

2 
3 
4 
5 


Soptsnibw. 


Ootobv. 


0 
0 
0 
0 
0 


*  ^Vl^I  ict  (  /iiig  ^jotut  currcctiuu.   Uctluction  to  Btniiilunl  gmvity^  J.-twrn ;  Hint  tu  oimn 

Qi\  li;vul=0.y  mm. 
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AtinoBphcrio  Prwauro.* 

Daily  Number  of  Enrtliqankex. 

^,r-    -  Month 

September. 

October. 

^;      -  Muuth 

8epti>m)M>r. 

October. 

/• 

mm 

niin 

58.4 

1  0 

 '  — ' — ■ — - 

0 

O 

5^.8 

58/2 

t  m 

1  < 

8 

Q 

a 

KT  ft 
U/.i) 

57.7 

i 

1  8 

(i 

0 

a 
If 

;>8.l 

58,9 

.5 

ft 

1  n 
ill 

.til  1 

on,  1 

eft  ."^ 

Ilk 

10 

ft 

I  i 

o/.s 

s 

0 

1  0 

o;f..'> 

1 

'  12 

2 

0 

1 

Jii 

GO.O 

62.1 

I'i 

A 

14 

<)().() 

14 

4 

A 

(il..) 

15 

0 

A 

1  /! 
ill 

58.7 

ro  Q 

1                    1  /■ 

I  Ul 

2 

ft 

1  7 

/to  ^"t 

o8,J} 

1  1/ 

1 

1 

1  Q 

m 

()i'.4 

57.7 

Ifi 

1  Q 
Hi 

(lO.l 

57.8 

12 

0 

Oil 

5i).0 

57,9 

1  2ft 

0 

.)8.4 

5fi.7 

21 

ft 

22 

58.9 

55.r. 

22 

0 

23 

59.2 

57.7 

23 

10 

24 

<»().4 

59,r, 

24 

4 

25 

(51.0 

25 

o 

2(1 

59.0 

58.3 

26 

o 

27 

58.4 

59.0 

21 

0 

2S 

58.2 

r,2.r. 

28 

1 

29 

58.4 

(14,9 

29 

ft 

m 

50.8 

f;4.i 

an 

0 

ai 

05.0 

ai 

ti  in 

•  Hic  1st  shock  took  plnrt-  nt  2  5i»  pm.,  on  the  7th. 
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As  will  be  soon  fi'om  tlio  j^rapliical  representations  in  Fig.  C, 
the  variation  of  the  barometric  pressure  between  Sept.  8th  and  Oct, 
8th  (1903)  indicates  a  period  of  the  mean  length  of  abont  4.4 
days,  its  maxima  and  minima  corresponding,  on  the  wliole, 
respectively  to  the  maxima  and  minima  of  the  after-shock 
freqnency. 
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Maps  showing  the  distribution  of  the  Barometric 

PL  XLVIL 

Pressure  over  Japan. 
Fig.  4.  Mareh  16»  t90O ;  at  10  pm. 
Fig.  8-  March  20,  10OO ;  at  lo  pm. 
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Ezpeximents  on  the  Vibration  of  Brick  Golumns. 

By 

F.  UMOIU«  8cD., 
Ifembtf  4rf  tiie  Lapfliial  Eu-Uiqiiak*  Ltvettigfttioii  Gamniittee. 

With  PI*.  TTiTX-Tin, 


1.  Columns,  The  present  note  gives  an  account  of  the  ex- 
periments on  the  Yibrotaons  of  five  rectangular  brick  oolnnms,  whose 
dimensiouB  were  exadify'  alike,  each  being  compoeed  of  09  layera 
of  4  bricks.  (See  Fig.  1.)  The  height  was  16  thaku  (=496  cm), 
and  the  sectional  area  was  46.5  x  23.5  cm.  The  columns,  composed 
of  bricks  of  superior  quality  of  one  and  tlie  same  kind  (U^i^jL 
^$iMnii.^^^'),  and  fixed  to  a  single  kr^o  s^jlitl  fouadution  of 
concrete  spocia!l\'  made  for  the  pm-pose.  had  mortars  of  differeut 
compositions,  as  follows: — 

€olnmn  Na  I  fuze  cement. 

n      Na  n  ....  1  patt  of  cement,  1  part  of  sand, 
m  1        „         ,3  „ 

„      Na  V  ....  4  parts  of  lime,  6  „ 

The  columns,  arranged  in  scries  as  shown  in  Fig.  2,  with  a 
mntoal  distance  of  50  cm  were  constructed  between  Nov.  25  and 
Dec.  18,  m  1901. 

2.  Eot^^erimentB.  The  object  of  the  experiments  carried  on 
three  months  later,  at  the  end  of  March  1902,  was  the  determina> 
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FiR.  1. 


tion  of  the  periods  of  natural  vibratLon  of  the  differcut  colanms.  For 
this  purpose  each  of  the  latter  mts  caused  to  move  by  being  pushed 
<nr  struck  with  hand  once  or  several  times  at  the  top  in  direction 
normal  to  the  broad  side,  being  then  left  to  vibrate 

froely  and  to  Lrradually  eome  to  rest.  The  record  of 
jnotiou  was  obtiiiiK'd  iiy  iiieuii.s  uL' a  still' j»oiiit'er,  ^vlnc■l^ 
was  attached  to  the  top  of  the  coluum,  and  to  whotsO 
end  was  hinged  a  pen  tracing  in  ink  the  vibrations  on 
a  record-receiver  mounted  on  an  independent  staging 
of  timbers.  The  diagrams  obtained  in  this  manner  are 
reproduced  in  Flates  XLIX  to  IJI.  The  column  No. 
V,  of  lime  mortar,  was  very  oasilj'  thrown  into 
movements  of  a  considerahlo  aim  uiit  ;  Avhile  the 
cohmm  No.  I,  of  \Hno  cement  mt)rtar,  could  be  made 
to  vibrate  only  slightly.  Aj^ain,  it  Imppened  ahnost 
always  that,  when  one  of  tlie  columns  was.  vibrating, 
the  neighbouring  ones  were  also  thrown  into  a  state 
of  motion  to  an  appreciable  dcgitio.  The  foUowmg 
table  gives  for  the  different  columns,  the  maximum  or 
initial  ranjrc  (double  ami»litudc=2a)  of  motion  and 
tbo  ]i(  l  iod  of  vibration  during  tlio  earlier  and  end 
portious. 


n 


n 


~ccrc 


Brick 
Column. 
(El^vntipli 
Md 
Section.) 


Fig.  2. 

i'luii  sbawins  the  nrcaogenuDt  of  iho  culuniDit  ia  series. 


t 


) 


j  h  =  15.5 
V  =  50. 
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No.  of 

No.  of 

Initial 

or 

Mux.  2a. 

AveiBge  Period  in  tbe 

Column. 

Experiment. 

li/iirlifT  part. 

JMia  part. 

1 

mm 

0.8 

0.23  **** 

2  . 

1.8 

0.23 

3 

4.3 

0.24 

0.24 

4 

4.6 

0.23 

6 

7.0 

0.25 

0.25 

e 

0.7 

n  Off 
U.Jo 

I 

7 

(i.3 

U.Jo 

fl  OK 
U.^U 

8 

4.9 

U.a* 

8,0 

o.a< 

.,  . 

10 

8.0 

n  OA 

. 

11 

6.9 

12 

7.8 

13 

6.9 

0.27 

0.25 

Mean. 

6.5 

(1  and  2  excepted) 

OM 

0.2i 

■  •■  • 

1 

4.6 

0.22 

0.22 

2 

4.7 

0.24 

0.23 

3 

5.7 

0.23 

0.23 

n 

4 

6.3 

5 

4.5 

G 

6.7 

0.24 

0.23 

7 

5.3 

0.23 

0.23 

Mecm, 

&8 

0.88 

0.28 

1 

7.1 

0.25 

0.24 

2 

o.s 

0.25 

0.23 

m 

3 
4 

7.5 
9.5 

0.27 

0.24 

5 

8.2 

0.26 

0.25 

-Ucan.  j 

7.8 

0.26 

0.24 
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i^O.  OI 

r>  o.  OI 

Avenge  Beriod  in  fhe 

Columu. 

Exgerimeni 

ox- 
Mas.  2a. 

Earlier  part. 

End  part 

1 

5.5 

sec 

HCOi 

S 

0  31 

0  25 

IV 

B 

13.0 

0  50 

0  27 

• 

4 

16.5 

0  54 

5 

19.0 

8.5—19.0 

0.31—0.62 

1 

6  7 

0.42 

0.33 

2 

9.4 

0.45 

0.35 

3 

7.6 

0.48 

0.36 

4 

17.1 

0.62 

0.37 

V 

5 

18.7 

0.38 

G 

:  21.5 

0.67 

0.41 

7 

24.0 

0.77 

0.40 

3.9 

0.40 

ifeon. 

3.9—24.0 

0.42-0.77 

0.33— a4i 

The  column  No.  I  seemed  to  indicate  a  slight  lengthening 
of  period  with  the  lepetition  of  the  vibration  experiments. 

Thus,  in  the  expoi  iiiionts  Nos.3-8,  the  period  in  the  earlier  part  of 
motion  varied  between  0.24  and  0.26  see.,  vith  the  average  of 
0.25  sec. ;  wliilo  in  the  experiments  Nos.d-1^,  the  oonrespouding 
period  varied  between  0.20  and  0.27  sec.,  with  the  average  of 
0.37  sec.  The  period  in  tlio  later  part  of  motion  seems  to  show 
also  a  similar,  tliough  very  slight^  tendency. 

The  same  plienomenon  is  more  marked! >■  siiowii  by  the  lime- 
niort*ir  colnmn  No.  V.  Thus,  during  the  eii^ht  cxperinicntH,  Nos, 
1-H,  the  ixjriod    in  the    earher  part  of  motion  successively 

'4 
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increased  fi-oin  0.42  up  to  0.77  eec,  while  the  period  iii  the  l^ter 
part  of  motioti  increased  from  0.33  up  to  0.41  sec. 

The  lengthening  of  the  Yibration  periods  of  the  columns  iirith 
the  repetition  of  experiments  is  probably  due  to  the  formation  of 

mieroRcopioally  line  cracks  at  the  joints  and  throujih  bricks, 
which  is  oquivalcrit  to  (liniiiiisliing  the  clastic  moduli  of  the 
columns  without  changing  the  mass. 

3.  Vibration  of  columns  JfoB,  I-IV,  From  the  above  j^iven 
table,  it  will  be  seen  that  the  ranges  (double  amplitudes)  of 
vibration  of  the  difilsrent  cohrnms,  although  not  cansed  by  exactly 
one  and  the  same  amoctnt  of  force,  were  nearly  alike,  the  mean 
values  varying  between  5.3  and  8.5  mm.  Half  of  the  last*named 
limit  of  range  of  motion,  which  fiaclured  llu'  colniun  No.  IV,  is 
to  be  trilco!!  nn  being  the  displacement  at  tlie  top  of  the  columns, 
wiiicli  may  break  the  latter  at  the  base. 

Again,  the  periods  of  vibration  of  the  four  columns  imder 
consideration  were  practically  identical  with  one  another,  varying 
in  the  earlier,  or  largo  amplitude,  part  of  motion  only  between 
0.23  and  0.26  8ec.,  and  being  in  the  later  or  end  part  between 
0.23  and  0.24  sec.  This  uniformity  of  motion  is  quite  contrary  to 
what  we  should  he  led  to  expect ;  as  tlie  coUimns  Xos.  I,  II,  111, 
ami  i\\  wliux'  moitar  comix>sition  varied  fi*om  pure  cement  to 
1  part  of  cement  and  3  parts  of  sand,  might  be  supposed  to 
execute  vibrations,  of  which  both  amphtudu  and  period  increase 
in  proportion  to  the  quantity  of  the  sand  mixed  in  the  mortar. 
The  apparent  paradox  can  only  be  explained  on  the  assumption 
that  in  each  of  the  four  columns,  the  mortar  was  much  stronger 
than  the  bricks  themselves  and  behaved  as  if  it  were  practically 
incompressible,  the  result  being  that  we  got,  in  these  exporiincnts, 
only  the  vibrations  due  to  the  bricks,  and  not  to  the  joints.    It  thus 
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seonis  that  in  brick  works  a  mortar  of  1  part  of  comeut  and  1 
to  3  parte  of  sand  is  as  good  ns  that  of  pure  cement. 

4.  VOtraHan  of  column  2fo*  V,  The  oolamn  No.  V  of  lime 
mortar,  throvm,  without  beiog  broken,  up  to  a  vibration  of 
24  mm,  which  is  nearly  three  times  the  maximum  motion  in  the 
cases  of  the  other  columns.  This  was  evidently  on  accouiH;  of 
tlio  inferior  quality  of  tlio  mortar,  in  CDiisciiucnce  of  which  the 
elasticity  of  the  bricks  thomsclvcis  di>l  not.  in  the  vibration  of  the 
cohnnn,  at  all  come  into  play.  Another  remarkable  feature  in  the 
motion  of  the  column  No.  V  was  the  great  length  of  the  vibration 
period,  whose  maximum  value  was  0.77  sec.  The  differenee  of 
the  period  of  vibration  for  larger  amplitude  from  that  for  smaller 
one  ranged  in  the  seven  experiments,  Nos.1-7,  from  0.09  sec. 
to  0.37  sec.  From  experiments  like  these  we  can  readily  imagine 
how  a  tall  brick  chimney  with  b;id  mortar  will  bo  thrown,  on  the 
occasion  of  a  violent  earthquake,  into  slow  oscillations  of  considerable 
amplitude. 
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